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j I. Purpose.

A. Objective. This program is an extension of the study of

simulated high altitude and outer space environments on the electri-
cal properties of electrical insulating materials that was initiated
under Contract DA-36-039-SC-78321 (March 1, 1959 - February Z8,
1962). The objective of this program is to provide a better under-
standing of the behavior of electrical insulating materials in a space

environment.

B. Materials. In the previous program, data was obtained on
21 materials. The materials of that group that are referred to in this
report are identified as follows:

Designation Description and Supplier

TFE-6 Polytetrafluoroethylene extrusion resin,
commercial designation TFE-6. E.I. du
Pont de Nemours and Company, Wilming-
ton, Delaware.

TFE-7 Polytetrafluoroethylene molding resin,
commercial designation TFE-7. E.I. du
Pont de Nemours and Company, Wilming-
ton, Delaware.

FEP-100 Copolymer of tetrafluoroethylene and
hexafluoropropylene, melt processable
resin, commercial designation FEP-100.
E. I. du Pont de Nemours and Company,
Wilmington, Delaware.

Mylar Polyester film, commercial designation
130-100T MYLAR 130-100T, highly oriented in the

long, or machine direction. E.I. du Pont
de Nemours and Company, Circleville,
Ohio.

Mylar Polyester film, commercial designation
130-00A MYLAR 130-100-A, same composition

as 130-IOOT but not as highly oriented.

Mylar Polyester, capacitor film, commercial
130-I00C designation MYLAR 130-100C. E.I. du

Pont de Nemours and Company, Circle-
ville, Ohio.



PURPOSE

One additional material was included in the study of the effects

of x-ray irradiation on a-c loss properties. It is identified as

follows:

C-1 147 Composition of methyl styrene with a
small amount of dimethyl siloxane
additive. Specimens supplied by the
Delaware Research and Development
Corporation, Wilmington, Delaware.

C. Electrical Properties.

1. Dielectric constant at 60 cps, 2, 18 and 100 Mc.

2. Dissipation factor at 60 cps, Z, 18 and 100 Mc.

3. Volume resistivity, d-c.

4. Surface resistivity, d-c.

5. Electric strength 60 cps, 2, 18 and 100 Mc.

6. Flashover strength 60 cps, Z, 18 and 100 Mc.

7. Microwave transmission properties at frequencies

up to 40 Gc as time and facilities permitted.

D. Environmental Conditions.

4. Temperatures of -55, 25, 85 and 125C.

Z. Minimum vacuum of 10-4 torr.

3. Solar x-rays.

4. Solar ultraviolet.

5. Chemisphere andionosphere conditions.
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II. Abstract

Further results of a study of simulated space environment on the

electrical properties of solid dielectric materials are reported.

High-vacuum sparkover measurements in the presence of a

strong magnetic field show that the breakdown voltage does not depend

on effects produced by primary electrons striking the anode.

Preliminary results indicate that x-ray induced conductivity, a-x,

in Mylar-C, TFE-7 and polyethylene was voltage dependent, following

the relationship log 0 m"-n V. At a fixed voltage, c-n was proportional.

to R A, where R is the dose rate and A is a constant. The time re-

quired for a- to reach a maximum value was not proportional to Rt",

where R is the close rate and }s is a constant, as reported elsewhere

in the literature. With Mylar-C, a- is temperature dependent, show-

ing a complex behavior in the range of the second order transition

temperature. Insufficient data does not permit final conclusions.

X-ray induced a.-c losses in TFE resins (previously reported) are

greatly influenced by the presence of oxygen during sintering. Diffu-

sion (specimen thickness) plays a minor role in irradiation effects on

a-c loss properties.

An improved specimen for electric strength measurements on

solids, at frequencies up to 100 Mc, is described.

Some phases of the investigation will be continued under Contract

NAS8-5253.
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III. Factual Data.

A. Facilities.

1. Laboratory Relocation. During the present reporting

period the Dielectrics Laboratory was moved from 1315 St. Paul

Street, Baltimore, Maryland to 405 North Caroline Street, Baltimore,

Maryland. Since it was necessary to dismantle the existing high-

voltage test berths," it was convenient to make design changes that

would increase the versatility of existing equipment. In the new

installation, high voltage tests at d-c, 60 cps, 1, 38 and 180 kc can

be made in the same berth. All of these voltage sources and their

accessories can be operating from a single control-console.

The radio-frequency test circuits that had previously been

located in a walk-in shielded-room are now installed in a 2 1/2' x

4' x 8' shielded enclosure. Ready access to all parts of the enclosure

is provided by removable panels and doors. This installation is used

for high-voltage experiments in the 2 to 18 Mc range.

2. Environmental Chambers. The high-vacuum pumping

systems and test cells that were used in this study have been fully

described in previous reports. It is only necessary-to mention here

that the x-ray generator uses two Machlett AEG-50 beryllium window

tubes that are capable of continuous operation at voltages up to 50 KV

peak and anode currents up to 50 ma. The maximum output intensity

of each tube is 1.60 milliwatts/cm at a distance of 155 mm from the

target.

3. Temperature Controlled Loss-Specimen Holder. A

guarded specimen holder was designed to facilitate dielectric constant

and dissipation factor measurements at frequencies up to 100 kc, over

the temperature range of -50 to 125 C during x-ray irradiation in

vacuum. Only preliminary measurements have been made, but the

general construction is of interest.
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The holder was designed to be mounted in an existing vacuum

chamber, which has provisions for introducing x-ray irradiation.

Therefore, it was not necessary for the holder itself to be vacuum

sealed. Its only functions are: (a) to support the specimen and the

electrodes, and (b) to provide a constant-temperature surface which

surrounds the specimen. The electrode pattern is a common arrange-

ment of a guarded electrode and a guard-ring on one side of a flat

specimen and a single electrode on the other side.

The guarded electrode and the guard ring are mounted in the

closed end of a cylindrical brass tube (4" diameter x 3 1/2" long).

This cylinder is nested in a larger cylinder (4 1/2" diameter x 4"

long) so that there is a spacing of about 1/4" between the inner and

outer cylinders. Heater wires are wrapped around the outside of the

inner cylinder and a cooling coil is wrapped around the outer cylinder,

which can serve as a heat shield or a cooling surface, depending on the

temperature of the experiment. The x-ray beam enters through an

opening in a cover plate at the open end of the specimen holder.

The guarded electrode and the guard ring are insulated from

the end-plate and rigidly fastened to insulated studs that serve as

electrical terminals. A thin coating of silver, applied directly on the

specimen, serves as the high-voltage electrode. Any additional metal

in this location would shield the specimen from the x-ray beam. Elec-

trical contact with the silver coating is made through a metal ring

which is fixed in an insulated insert.

Using thermocouples for temperature measurement, and a

thermistor is the temperature control circuit, the specimen tempera-

ture can be maintained constant within 0.4 0 C.
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B. Electrical Breakdown in High-Vacuum.

1. Purpose. The results of a study of sparkover in high

vacuum were discussed in the Final Report of Contract DA-36-039-

SC-78321. In this previous study, flashover across the surface of an

insuilating rnaterial and sparkover between spherical electrodes were

investigated. It was shown that the inherently high electric strength of

air at pressures in the 10 torr range is compromised by cathode

effects. The surface roughness of the cathode proved to be a critical

factor. During the present reporting period, additional experiments

were conducted for the purpose of determining if secondary effects at

the anode contribute to the breakdown process.

2. Background. A comprehensive discussion of gaseous

breakdown can be found in a recent book by F. Llewellyn-Jones(l)

For the purposes of this discussion it is only necessary to make a few

general remarks.

A self-sustained discharge occurs in a gas when each electron

avalanche that crosses the breakdown gap causes (on the average) at

least one secondary electron that gives rise to a new avalanche. At

pressures where thovmean free path of the electrons is short compared

to the gap between the electrodes, the gas molecules in the gap play

an important part in the breakdown mechanism. The electrons which

collide with these gas molecules can produce photons or positive gas

ions which, in turn, can generate enough secondary electrons for a

self-sustained discharge. However, at lower pressures where the

mean free path is much longer than the electrode spacing, as in

laboratory experiments when the pressure is below 10-5 torr, the

chance for a collision of an electron with a gas molecule is much

smaller. Therefore, the residual gas molecules between the electrodes

do not contribute to the breakdown mechanism in high-vacuum. Con-

sequently, the effects originating at the electrodes must play a dominant

role.
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There are several ways in which the cathode and anode could

contribute to the breakdown mechanism, other than creating the elec-

tric field between the electrodes. It is well established that the high

fields located at sharp points on the cathode cause field emission of

electrons. The electrons are accelerated by the electric field and

bombard the anode (., 3, 4,5, 6, 7} The question arises: are there

any secondary effects at the anode which, in turn, could generate

secondary electrons to obtain a self-sustained discharge?

Many hypotheses have been offered concerning secondary

effects at the anode caused by the bombardment by primary electrons
(6, 7, 8, t). These hypotheses are concerned with:

(a) Release of positive gas or metal ions from the anode.

These ions, which are accelerated in the electric field,

bombard the cathode and could release secondary

ec ctrons.

(b) Formation of x-rays at the anode which in turn

release secondary electrons at the cathode by photo-

emission.

(c) Local heating of the anode surface to a high

temperature causing the liberation of large amounts

of adsorbed gas and metal vapor which destroy

the vacuum and cause a gaseous discharge to occur.

Charged metal particles detached from the cathode

could contribute to this effect by bombarding the

anode (8, l0l

(d) Release of charged metal particles from the anode

bombarding the cathode and thereby causing effects

as described in (c) above.
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To test these hypotheses other workers have measured:

(a) The average number of ions and x-ray quanta

released from the anode per bombarding electron.

(b) The average number of secondary electrons

released from the cathode per ion or x-ray

quantum impinging on the cathode.

The values obtained from these measurements were too low
to account for any of the effects described above . However,

it is difficult to measure voltage-dependent secondary effects just

before nnd during development of breakdown because of the large

variation in breakdown voltage and the fact that breakdown develops

in less than a microsecond.

Dyke, Trolan, et al (3, 4, 5) have shown, by using a sharply

pointed cathode and pulse voltages, that the bombardment of the

cathode by positive ions from the anode is not essential for breakdown.

The time in which breakdown occurs is less than the time required

for an ion to traverse the gap between the electrodes. This is so

much more the case for the heavier metal particles which are detached

from the anode. They report that the large field-emission currents,

at voltages near the breakdown voltage, heat the thin tip on the cathode.

This causes thermo-emission which results in an increase in the

total emission from the cathode. This runaway condition continues

until the metal point evaporates and a gaseous discharge in the metal

vapor occurs. The results of the following experiments not only

support the statements of Dyke and Trolan, but show that none of the

secondary effects at the anode are essential for breakdown. The only

function of the anode in initiating breakdown is to create the electrical

field at the cathode.
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3. Experimental Method. The end of a 1/16" diameter

copper wire was filed to a conical tip. The tip of the wire was used

as the cathode opposite a flat brass anode, as shown in Figure 1. The

distance between the tip of the cathode and the anode was about 3/8".

Both electrodes were placed in a cylindrical glass cell which was

evacuated by an oil diffusion pump. The pressure in the cell was

held at about 10-5 torr. The prebreakdown current could be measured

with the micromicroammeter, M. The cell was placed between the

poles of an electromagnet, so that the magnetic field was perpendicu-

lar to the axis of the glass cylinder. Because the electric field is

greatest at the tip of the needle, the field emission current will

originate there. With no magnetic field, the electrons emerge from

the tip, cross the gap in nearly straight lines, and impinge on the

anode.

When the magnetic field is applied in the z-direction (see

Figure 1) the electrons, which are moving in the x-direction, are

deflected in the y-direction in accordance with the classical relation-

ships:

d2x:F = eE -- m -x dt2

F Be -dx = m duyY dt dt 2

B ( Zd"3//

and Y = B.• () E-1/ 2 x3/2

where, F = x-component of the force on an electronx

F y-component of the force on an electrony

B = magnetic field strength (z-direction)

E = electric field strength (x-direction)

e = electronic charge

m = electronic mass
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t = time

y = deflection of electron in y-direction

Near the tip of the cathode, where the electrons have a low

velocity, the force, F y, and the displacement, y, are small. There-

fore, the presence of the magnetic field has little effect on the

primary electrons near the cathode. However, with a strong enough

magnetic field the electrons can be deflected far enough to completely

miss the anode. Any secondary effects associated with the anode

would then be drastically changed as the magnetic field is switched

on and off. Therefore, if the breakdown voltage is not affected by the

presence of the magnetic field, the mechanism that initiates break-

down is not dependent on secondary effects at the anode. The essential

secondary effects must then be occurring at the cathode only.

Because the inherent spread in results for vacuum breakdown

measurements is large enough to n-cask effects that would be significant,

the following step-by-step procedure was used in studying the influence

of the magnetic field on the breakdown voltage:

The direct voltage was increased in steps of 300

volts, a value considerably smaller than the normal

spread in results. In one series of tests, the

magnetic field was introduced after each voltage

level was reached, and then removed while the

voltage was increased to the next level. This

procedure was continued until breakdown occurred.

In another series of tests, the magnetic field was

present while the voltage was being increased, and

then removed at each voltage level.

If the presence of the magnetic field caused a change in

breakdown voltage of at least 300 volts (about 1. 5%), the breakdowns
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would occur more frequently during a particular phase of the testing

procedure.

4. Results and Conclusions. A random pattern of behavior

was observed. The breakdowns did not coneistently occur during a

particular phase of either testing cycle. Therefore, it must be con-

eluded that the breakdown voltage does not depend on any effects

produced by the primary electrons striking the anode.

Another phenomenon which was observed during the test is

worth mentioning. When the direct voltage was sufficiently high and

was increased slowly, bright spots appeared at the cathode. These

spots disappeared and reappeared at different placed on the cathode,

but no arcs occurred across the p~ap.

The explanation of this phenomenon could be that sharp points

on the rough surftcc of the cathode were first heated to the melting

temperature of the metal by the field emission current. Then, due

to the surface tension in the metal, the sharp points were rounded

off and the electric field at the liquified points decreased. This

resulted in a decrease in the field-emission intensity and a corres-

ponding decrease in the temperature of the metal point. There was

not enough metal evaporated during this process to raise the pressure

so that a gaseous breakdown could occur.

C. X-Ray Induced Conductivity.

i. Experimental Procedures. In the previous program it

was not possible to make meaningful measurements of x-ray ijiduced

conductivity in high-vacuum because all of the available pumping

equipment was required for other types of experiments. A few mea-

surements were made on specimens that were being used for a-c loss

studies, but, for reasons that are discussed below, the results were

only qualitative.
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To measure d-c conductivity during irradiation it is

necessary that the following conditions be given careful consideration:

(a) At pressures higher than several microns,

ionization current can be high enough to

interfere with the measurement of conduction

current. In high-vacuum the ionization current

is small enough to be neglected.

(b) Photoelectric emission from exposed metal

electrodes can cause currents in the measurement

circuit that are as large as the conduction current.

It is always necessary to either correct the current

readings to account for the net photoelectric current,

or to arrange the specimen and its electrodes so

that the net photoelectric current in the measure-

ment circuit is small enough to be neglected,

(c) X-ray absorption in the electrodes can drastically

reduce the beam intensity at the specimen surface,

particularly when low energy radiation is used.

For the 50-KVP x-rays used in this study, it was

necessary to apply thin-film electrodes of silver

paint or evaporated silver.

(d) To maintain uniform irradiation throughout the

active volume of the specimen it is necessary to

limit the specimen thickness. The maximum thick-

ness used in this investigation was 4 mils, so atten-

uation of the incident beamn by absorption in the

specimen was small enough to be neglected.

(e) A long period of electrification is required to permit

polarization currents to decay before radiation is
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introduced. Furthermore, the spdcimen must

remain electrified at a constant voltage during

the entire experiment.

(f) The temperature of the specimen must be controlled

because conductivity depends on temperature. This

is particularly important at elevated temperatures.

A cross-sectional view of the specimen/electrode system

used in this study is shown in Figure 2. The specimen consists of

two layers of dielectric film, Each layer is 3 1/8 inches in diameter

and has a silvered area 2 3/4 inches in diameter on either side. The

silvered areas that arc in contact when the films are superimposed

serve as mcasurement electrodes. The silvered areas on the outer

faces of the films serve as high-voltage electrodes. Two metal rings

that are used to clamp the dielectric films serve as a guard electrode.

Electrical connections to thc measurement circuit are made as shown

in Figure 2.

Photo-electrons emitted from the measurement electrodes

are trapped or collected before they can escape from the space be-

tween the films, so they make no net contribution to the current in

the measurement circuit. Currents caused by emission from other

exposed parts do not influence the measured current because they

cannot enter the guarded measurement-circuit. Ideally, the radiation

should not cause any current in the measurement circuit when the

high-voltage electrodes arc connected to ground. In practice, this

residual current was less than 1% of that measured when the normal

voltage was applied.

The specimen/electrode assembly was mounted in a speci-

men holder and placed in a vacuum) chamber so that the front surface

of the specimen was perpendicular to the axis of the x-ray beam.
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Heating wires located in the back-plate of the holder and in front of

the specimen were used to heat the specimen. Thermocouples were

used for temperature measurement, and a thermistor was used in the

temperature control circuit. The temperature of the specimen was

controlled to within 0. 1°C at all times.

2. Experimental Results. A complete study of x-ray induced

conductivity would include the determination of:

(a) the instantaneous effects of a sudden increase

in radiation intensity.

(b) the long-time effects of continued irradiation, as

measured during irradiation.

(c) the instantaneous effects of a sudden decrease in

radiation intensity.

(d) the long-time recovery effects.

Each of these characteristics can be affected by the following experi-

mental parameters:

(a) test voltage

(b) temperature

(c) dose rate

(d) absorbed dose

With the time and facilities that were available for this study, it was

not possible to conduct such a complete investigation of induced con-

ductivity, even for one material.

One of the factors studied in the preliminary experiments was

the effect of applied voltage on induced conductivity. To measure dark
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conductivities of the order of 41-0 mho cm , it was desirable to

make the applied voltage as high as the experimental conditions would

permit. Other workers have reported differing voltage effects, depend-

ing on the conditions of their respective experimants. Measurements

have been reported to show that induced conductivity is ohmic(12),

a decreasing function of voltage (43), and semi-conductive in nature(t 4 ).

To determine the relationship between induced conductivity, a-x, and

the applied voltage, V, for the experimental conditions prevailing in

this study, measurements were made on three materials over the

voltage range from 45 to 320 volts at a dose rate of 550 rads/min

(Hz0). At this low dose rate, u reaches a steady value, -re, which

appears to be an equilibrium value.

These experiments showed that cre was non-ohnnmic T'ho

results for TFE.-7, Mylar.-C and polyethylene are summarized in

Figure 3. These curves indicate a linear relationship between ;ogu-
t(45) 

0

and V. This agrees with the resuits obtained by Amnborski on

Mylar film at elevated temperal-tores without irradiation.

Another series of measurements was made to determine the

effect of dose rate, R. A typical set of curves for Mylar-C at 680G

is shown in Figure 4. Although the specimens were irradiated for

only 40 minutes, each specimen was electrified and heated in the

vacuum chamber for 16 hours before irradiation. In all of the results

discussed herein, a new sample was used for each set of measure-

ments. This was necessary because thermal and radiation exposure

produce pecinanent effects that jnfiluence conductivity.

At the lower dose rates, u- r appears to reach an equilibrium

value, a-e, as mentioned above. However, at the higher dose rates

(rx goes through a maximum, a-., If the irradiation at the lower dose

rates is continued long enough, ux decreases below the equilibrium

value, a- . Therefore, the term c- is used hereafter to mean the
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maximum value of induced conductivity, although this value may

persist for a long time when the dose rate is low. These results

(Figure 4) indicate the dependence of x on absorbed dose, as well

as dose rate.

The relationship between 0-m and dose rate, R, is shown in

Figure 5 for TFE-7, Mylar-C and polyethylene. In each case,

follows the relationship discussed in detail by Fowler(16)

A
T- =bRm

where q is the maximum value of , b is a constant and A is the

slope of the "log arm vs. log R" curve, as shown in Figure 5. Fowler

related the equilibrium value of a- x to dose rate for smaller dose rates

than those used in this study. However, the relationship holds for the

maximum value of (x at these higher dose rates. These measurements

were, of course, made at a fixed voltage.

Further experiments were conducted to determine the effect

of temperature on induced conductivity in Mylar-C. Again, before

each radiation exposure, the specimen was electrified and heated to

the prescribed temperature in vacuum for 16 hours. The results

obtained at temperatures in the range of 68. 2 to 92. 1 C are summar-

ized *n Figure 6. A dose rate of 3600 rads/min was used in all of

these experiments.

The dark conductivity is, of course, temperature dependent,

and it goes through a maximum during the period following an increase

in temperature. In all cases, a0 had stabilized before the beginning0

of the radiation exposure.

At each temperature, crx reached a maximum value during

the first minute of irradiation. The differences in these maximum

values at the various temperatures were of the same order of magni-

tude as the experimental error. Therefore, measurements at a lower
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dose rate would be required to more accurately determine the

relationship between rM and temperature. However, as the exposure

continued, temperature had a drastic effect on the observed behavior.

At the two lower temperatures (68. 2 and 75. 6 0 C), T-x rapidly

decayed to a value which then decreased by only 15% during the remain-

dcr of the exposure period. At the two higher temperatures, the initial

maximum was followed by a broader maximum which occurred during

the second hour of irradiation. This second maximum was followed

by a steady decrease during the remainder of the exposure period. At

an intermediate temperature of 79. 7 0 C, a second maximum was ob-

served, but it took longer to develop and was much broader than those

observed at the higher temperatures. A second specimen showed the

same behavior at a temperature of 79. 80C.

During these experiments, the pressure in the vacuum cham-

ber was recorded. The chamber was under continuous pumping, so

the pressure changes cannot be converted to volumes of released gas.

However, the curves of "pressure vs. exposure time", which are

shown in Figure 7, indicated that the changes in the measured values

of conductivity could be related to the increased pressure in the cell.

This unlikely relationship, which would indicate a serious flaw in

experimental technique, was tested by placing an additional 100 square

inches of Mylar in the chamber and repeating a radiation exposure

experiment on a new specimen. The walls of the chamber were heated

to 750C and the conductivity specimen was maintained at 75. 6°C. The

usual 16 hour pre-irradiation conditioning was carried out. The pres-

sure curve is shown in Figure 7 (broken line). Although this pressure

curve is completely out of line with the family of curves for the normal

experiments, the conductivity curve (Figure 6) is in line with the other

conductivity curves. Therefore, the pressure rise could not have influ-

enced the measured values of induced conductivity.
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A considerable amount of work has been reported in the

literature on the evolution of gases from various polymers during

irradiation, but no information is available on the quantitative identi-

fication of gases produced by the irradiation of polyethylene tere-

pbthalate.

3. Discussion of Results. Because this investigation is

incomplete, several interesting questions must remain unanswered

at the moment. As usual, differences in experimental conditions

influence the correlation of results with those of other workers.

However, in some areas, excellent agreement has been obtained,

while in other areas, contradictions seem to be indicated.

The agreement of the "log ax vs. V" curves (Figure 3) with

the results of Amborski(4) would indicate that the induced conductivity

o-x, and the dark conductivity, 0-0,, are associated with the same

conduction mechanism. This relationship, which is interpreted by

Amborski and Burton(17) to indicate an ionic transport mechanism,

leads to a hyperbolic sine relationship between the conduction current,

I, and the applied voltage, V. Their expression is:

I = s' sinh (a'V)

where s' and a' are constants.

Fowler (16), on the other hand, found x-ray induced currents

to be ohmic, and his analysis of the conduction mechanism is based

on conduction by free electrons in the presence of electron traps. In

the relationship c-m = bR , A assumes values ranging from 0. 5 to

1. 0 and is a characteristic of the material. In. this model, A is

related to the distribution of normally forbidden levels, or traps.

For a uniform distribution, A=i; for an exponential distribution, A

approaches 0. 5. As shown in Figure 5, the values of A obtained in

this study for TFE-7, Mylar-C and polyethylene were 0. 73, 0. 83 and
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0.66 respectively. These values are in agreement with those of

other workers

Considerably more data would be required to confirm the

relationship between a- and V over a range of dose rates and

temperatures. However, if the linear relationship between log r m

and V is established, then the constant ! would also be voltage

depenoent.

The increase in o- to a maximum value, om- during the

initial stage of irradiation has been investigated by other workers.

Harrison (18) reports that the time, T0 , required for L-x to reach a

maximum value is related to the dose rate, R, by the expression:

T = BR"4 ,

where B and V are empirical constants. The time constant, To, is

described as the time required for the rate of generation of free

carriers to exceed their recombination rate. The data on Mylar-C,

shown in Figure 4, does not follow this simple relationship, which

implies a linear relationship between log T0 and log R. The time

constant for the lowest dose rate (103 rads/min) is much longer

than this relationship would predict. Again, only three points are

available and no conclusions can be drawn on such a small amount of

data.

The rate at which a-, decreases after the initial rise has also

been investigated by other workers. Coleman(19), using a strontium-90

beta source, found that -x decreased according to the relationship:

-n
0- ?~-- t

where t is the irradiation time and n depends on the dose rate. This

relationship held for polystyrene, monochlorotrifluoroethylene and

Corning Vycor 7920 when irradiated at dose rates from 0. 05 to 3. 0

r/sec. In the present work, a simple exponential function would not

0!
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describe the decrease in a- with radiation time. As shown in Figure 6,x

the behavior is more complex, and it depends on temperature as well

as dose rate.

Warner, Muller and Nordlin(20), using gamma radiation

from a Cobalt-60 source at a dose rate of i00r/hr, found a maximum

conductivity at about 600 r and decreases thereafter for polyethylene,

polystyrene and polytetrafluoroethylene. They suggested that the

slow increase in 0- is associated with a corresponding accumulation

of predominately univalent ions, and the subsequent decrease resulted

from degradation accompanied by formation of molecular dipoles acting

as traps for the ions.

In Figure 6, which shows the effect of temperature on the

induced conductivity for a fixed dose rate, it is interesting to note

that the difference in behavior (appearance of a second maximum)

occurs at temperatures in the range of the second order transition

point for polyethylene terephthalate. It would not be expected, however,

that any rapid changes in degree of crystallinity would be occurring

after 16 hours of conditioning at the prescribed temperatures, unless

such changes were induced by the radiation. It is apparent that in this

temperature region, even small changes in temperatures produce

significant effects on the variation of a- with irradiation time. Ax

detailed study of the effects of temperature and degree of crystallinity

on induced conductivity might reveal further information on the con-

duction and degradation mechanisms.

As mentioned previously, time would not permit a thorough

study of x-ray induced conductivity in polymers. Several questions

arise concerning the correlation of the available data on polyethylene

terephthalate with the published work of other investigators. The

results of this incomplete study immediately suggest several further

experiments that would lead to useful conclusions.
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D. X-Ray Induced A-C Losses.

1. Previous Results. In the previous program, measure-

ments of dielectric constant and dissipation factor (tan6) were made

on several materials during x-ray irradiation in high-vacuum. The

largest effects were those exhibited by the polytetrafluoroethylene

materials TFE-6 and TFE-7. Large increases in dielectric constant

and tanb were observed at frequencies up to I kc during irradiation.

The results obtained on TFE-6 in vacuum and in air are summarized

in Figures 8 arid 9.

Curve B is typical of the behavior of both TFE-6 and TFE-7,

where a maximum value of tan6 was reached during the early stages

of exposure, followed by a decrease during the remainder of the

exposure period in vacuum. When irradiated in air (Curve A), the

hig•! value of tanb was maintained throughout the exposure period. A

specimen that had previously been exposed (8.5 megarads) and allowed

to recover for 10 months (Curve C) showed the same general behavior

during the second irradiation, but the increase in tanS was moderated

and a steady value was observed during the latter part of the second

exposure period.

The recovery data of Figure 9 shows a marked difference

between the vacuumn-irradiated and air-irradiated specimens. Tan6

decreased during the 30-day recovery period for the specimen irrad-

iated in air (Curve A). The rate of decay decreased during the recov-

ery period (tanS plotted on logarithm scale), but there was a continuous

decay. The specimens irradiated in vacuum (Curves B and G) showed

a sudden decrease in tan5 when the irradiation was renmoved, followed

by a constant value of tanS during a 5-day recovery period in vacuum.

However, when the pressure in the chamber was returned to one

atmosphere, both specimens showed a sudden increase in tanb. After

a period of somewhat erratic behavior for the specimen of Curve B,
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tan6 remained constant for both specimens during the remainder of

the 30-day exposure period; Curve C being a decade higher than Curve

B.

Attempts to explain these results on the basis of the known

radiation effects on the structure of the polymer were not successful.

One complication was associated with the data obtained on an old lot

of polytetrafluoroethylene that had been stored in the laboratory for

several years. This material did not exhibit the drastic effects

observed with TFE-6 and TFE-7, yet its structure was essentially

the samne. In an effort to more accurately define the factors that

contribute to the drastic effects exhibited by TFE-6 and TFE-7,

further experiments were conducted during the present program.

Z. Experimental Results. To determine if diffusion of gases

contributes to the observed behavior, specimens of different thicknesses

-were irradiated. A 30-nail specimen and a 125-mil specimen were

machined from the same 1/Z inch thick block of TFE-7. A second

30-mil specimen was taken from a sheet of 30-mil skived film, which

was also made of TFE-7. Dielectric constant and tanb measurements

were made over the frequency range of 100 cps to 100 kc. The 100 eps

tan6 data is summarized in Figure 10.

The inclusion of the 30-muil film proved to be fortuitous

because it behaved in a manner that was totally unexpected and indi-

cated that the processing of the resins plays an important role in

radiation effects. The two machined samples followed the same

general pattern that had been previously observed with TFE-6 and

TFE-7 specimens. The skived film, on the other hand, showed an

entirely different behavior, as shown in Figure 10. Its tan6 did not

rapidly increase to the high values exhibited by the mechined specimens.

Rather, it exhibited a slow increase in tan6 during the entire exposure
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period (480 hours, 12. 3 megarads). During the latter part of the

exposure period, the increasing tan6 of the film was considerably

higher than the decreasing tan6 of the machined specimens.

The recovery data, shown in Figure 11, also indicates a

marked difference in behavior between the two types of specimens.

The film, which had never reached a peak value of tan6 during

irradiation, exhibited a steady decrease in tan6 during the 20-day

recovery period in high-vacuum. The machined specimens showed

a more rapid decrease in tan6 followed by a period of little change.

The 30-mil machined specimen did exhibit a more rapid decay in tanb

than the 1Z5-mil specimen, and this may well be the most significant

effect of the reduced thickness.

When the cell was filled with dry (oil pumped) nitrogen, a

sudden increase in tan6 was observed for all three specimens. This

effect had been observed in all previous experiments with the TFE

polymers. The effect was somewhat moderated in the case of the

skived film, but the pattern of behavior was essentially the same.

It should be noted that the skived film did exhibit a small

peak in the tan6 curve during the early part of the radiation exposure

period. This peak may be significant, and it is referred to later in the

discussion.

Corresponding changes in dielectric constant were observed

and they are shown in Figures 12 and 13.

The effects are greatly moderated at i kc, where the maxi-

mum value of tan6 during exposure was 0. 0048 for the 30-mil

machined specimen, and 0. 020 for the t25-mil machined specimen.

All of the detailed data are given in Tables 1 to 4.
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It was suggested by the manufacturer that the primary

difference between the machined specimens and the skived films is

associated with the sintering process. The film is skived from a

large diameter cylinder aftcr the sintering process is completed.

Therefore, a specimen taken from the outer portion of the cylinder

would have been exposed to air during sintering, while a specimen

taken from the inner portion of the solid cylinder would have been

protected from the atmosphere. There was no way of determining

the location from which the specimen used in this experiment had

been taken, but another experiment provided data that confirms the

suggestion that the presence of oxygen during sintering influences the

observed radiation effects.

Two types of TFE-7 specimnens supplied by E. I. du Pont de

Nemours and Company were used in this phase of the investigation.

They are identified as follows:

A-Z Sintered in air, 380 C, 2 hours.

N-2 Sintered in nitrogen, 380 ° 2 hours.

A-i6 Sintered in air, 3800 C, 16 hours.

N-16 Sintered in nitrogen, 380 0 C, 16 hours.

The results obtained at 100 cps are shown in Figures 14 to 17. In

Figure 14, the specinmen sintered for Z hours in nitrogen exhibited a

behavior similar to that of the 30-mil skived film, while the specimen

sintered for 2 hours in air showed effects similar to those that had

been observed for all other TEE specimens. Again, the small peak

in the tan6 curve was observed during the early stages of exposure.

The tanb recovery data (Figure 15) showed the same pattern

of behavior that had been previously observed. The recovery period

in high-vacuum was extended to 55 days, but no large changes occurred

during the latter part of this period. Again, tan6 increased when the

cell was filled with dry nitrogen.
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The detailed data, given in Tables 5 to 8, shows that the

effects were greatly moderated at I kc. This same frequency effect

has been observed in all of the experiments with the TFE polymers.

The only other r)aterial that is reported to show effects

similar to the TFE resins is a composition of methyl styrene with a

small amount of dimethyl siloxane additive. These results were

reported by Pendergast and Hoffman( 1). Specimens of similar com-

position, identified as C-1147, were obtained from the Delaware

Research and Development Corporation, Wilmington, Delaware. During

x-ray irradiation for 338 hours in high-vacuum (6 megarads), the

dielectric constant of C-1147 remained at a value of 2. 55 and the highest

value of tan6 measured at 100 cps was 0. 0005. No changes occurred

when the radiation was removed.

After venting the cell to the atmosphere, the same specimens

were exposed in air for an additional 382 hours (3. 6 megarads). The

only effect produced was ani immediate rise in the measured value of

tan5 to 0.003 at 100 cps. This increase was caused by the ionization

current parallel to the specimen. Tanb immediately returned to its

normal value when the x-ray generator was turned off.

Since the effects reported by Pendergast and Hoffman were

not evident under the experimental conditions of this investigation, no

correlation could be made with the behavior of the TFE resins.

3. Discussion of Results. The additional data obtained in the

present program shows that an explanation of the effects of radiation

on the a-c loss properties of the TFE resins must include the role of

end-groups and, perhaps, impurities. The simple considerations of

breaking C-C bonds and C-F bonds to form ions or free radicals do

not account for the observed behavior. The high induced losses may

be associated with conduction in the presence of traps, but the nature

of the charge transport mechanism has not been identified.
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It has been shown that the results of an irradiation experiment

on the TFE resins are drastically affected by the processing methods

used in fabricating the specimens. This is certainly illustrated by

the data of Figure 10, which shows that after an absorbed dose of

2. 5 megarads the 30-mil skived film had a tanb of 0. 0005, while the

30-mil machined specimen had a tan6 that was two decades higher

(0. 05). Furthermore, during the period when tan5 was steadily in-

creasing with one type of material, it was decreasing with the other

type. Therefore, even the qualitative results of an irradiation study

are influenced by the manufacturing process.

Additional information would be required to explain the

high induced losses in the TFE resins. The x-ray induced conductivity

of the these materials is comparable to that observed with other poly-

mers, yet these other materials do not exhibit induced a-c losses.

Thlrefore, H is not a rn..ple conduction mechanism that ciaunqs the

high induced losses.

From the practical viewpoint, it should be noted that the

large changes in tan6 caused by irradiation occur only at low frequen-

cies. The effect is greatly moderated at 1 kc, and measurements on

a group of specimens that had high dissipation factors after irradiation

showed no significant increase in losses in the frequency range from

1. 0 to 10 Mc. It is also important to note that the copolymer of tetra-

fluoroethylene and hexafluoropropylene, FEP, did not exhibit any

changes in a-c properties as a result of x-ray irradiation.

E. Electric Strength Measurements. A considerable amount

of data on the electric strength of solid materials at frequencies up to

100 Mc has been collected during the course of several investigations

at this laboratory. A practical interpretation of these data has been
summarized in a single Government report( 2 )" and a published

paper (23). In these previous mneasuremeits, various types of specimens
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with recessed electrodes were used to eliminate the compromising

effects of corona in the surrounding medium. In the present program,

a specimen has been developed which will permit more complete

evaluation of the factors that may influence the frequency dependence

of electric strength. A cross-sectional view of the specimen is

shown in Figure 18.

The important feature of this specimen is the shape of the

cavity. The thinnest section is located at the base of the circular

groove. Therefore, the raised section at the center of the cavity,

where machining is most difficult, is not involved in the breakdown.

The tubular high-voltage electrode makes contact with a silver coating

in the cavity, but does not rest on the bottom of the circular groove.

To be sure that good contact is made, continuity between the raised

section of the cavity and the tubular electrode is checked with an

ohmmeter. A silvered area on the bottom of the specimen is placed

in contact with a ground electrode.

The specimen is fabricated from a 1/2" x 1 3/4" x 1 3/4"

block. The cavity is started with a 3/4" diameter drill and then

finished with a special tool in a lathe. The tool has a semi-circular

tip (4/8" radius) which forms the groove at the base of the cavity.

The specimen is mounted on a precision-ground backing plate that is

held in the lathe chuck. A. countersunk hole in each corner of the

specimen permits machine screws to be used in mounting the speci-

men on the backing plate. This plate, which extends beyond the edges

of the specimen, is used as a reference point in determining the depth

of penetration of the tool to obtain a given thickness at the base of the

cavity.

Preliminary tests on polystyrene specimens have been success-

ful. Values of electric strength as high as Z600 VPM at 2 Mc have been

obtained with a breakdown thickness of 5 mils. The breakdowns con-

sistently occur at the base of the groove, in the thinnest section of the
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specimen. Polystyrene was chosen for the preliminary tests because

it has the highest known electric strength in the r-f range, it is more

difficult to machine than most polymers, and its transparency permits

optical exarmination of tile material in the critical part of the specimen.

This specimen offers a great deal of versatility in the selec-

tion of breakdown thickness, thickness of metallic coating, and

thermal conductivity of electrodes. It should prove to be useful in

future breakdown studies.
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S~IV. Conclusions.

When the present program was initiated, it was not anticipated

that circumstances would make it necessary to discontinue the investi-

gation at the close of the current reporting period. Consequently,

certain phases of the program are incomplete, and only a few final

conclusions can be drawn. However, the results obtained during this

period are summarized as follows:

1. Vacuum sparkover measurements in the presence

of a strong magnetic field have shown that the

breakdown voltage does not depend on effects pro-

duced by primary electrons striking the anode.

2. X-ray induced conductivity, a- x in Mylar-C,

TFE-7 and polyethylene was voltage dependent

when measured at a dose rate of 550 rads/min

(H 2 0). The maximum (or equilibrium) value

followed the relationship log rm - V.

3. For dose rates between 100 and 5000 rads/min

(H 2 0) a-m was related to dose rate, R, by the

expression a- = bRA. The values of A form

TFE-7, Mylar-C and polyethylene were 0. 73,

0. 83 and 0. 66 respectively, when measured at

a fixed voltage.

4. The time, To, required for a-x (Mylar-C) to

reach a maximum value, a-m, did not follow

the simple relationship T = BR-•, where Ro

is the dose rate, and B and ýL are empirical

constants.
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5. The decay in T"x after the initial rise to Tm, did

not follow a simple exponential for Mylar-C.

6. Temperature has a significant effect on a- for
x

Mylar-C. A second maximum in the "a- vs.x
absorbed dose" curve is observed when the

experiment is conducted at temperatures above

the second order transition point.

7. Irradiation effects on the loss properties of TFE

polymers are greatly influenced by the presence

of oxygen during the sintering process. Explanation

of the observed behavior must be concerned with

end-groups and, perhaps, impurities.

8. Diffusion (specimen thickness) has little effect

on the x-ray induced losses in TFE-7.

9. X-ray irradiation did not affect the loss properties

of a composition of methyl styrene with a small

amount of dimethyl siloxane additive, for absorbed

doses up to 9.6 megarads.
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V. Recommendations.

This investigation will not be continued under USAERDL

sponsorship, so specific recommendations concerning an extension

of the work would not be appropriate. Some phases of the study will

be continued under the sponsorship of the National Aeronautics and

Space Administration, George C. Marshall Space Flight Center,

Huntsville, Alabama.
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Table 1. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 100 cps.

A -
3
0-:nll skivcd film.13 - 30-ui mnachinecl.

G - i25-nill machined.

DiHnipation Factor Diel-ctric Constant,
Fxponore Absorbed

Ti"me Dose
(Hmurs) A 13 C A 1B C (Mrads)

0 .0003 .0003 0003 2.083 2. l10 2.10 0
6 .0003 .043 108 2.083 2.153 2. 16 15

22 .0003 .061 135 2.083 2.179 2.25 54
28 .0004 .067 140 2. 085 2. 197 2.24 70

t30 .0004 .07 1 1 45 2.087 2.,207 2. 24 75

47 .0004 .072 122 2.087 2.181 2.Z2 .18
54 .0004 .071 105 2.087 2. 167 2.21 1 36
71 .00041 .063 077 2.087 2. 157 21 19 1.78
78 .000,1 .057 .062 Z.087 2. 155 2. 18 1.96
94 .0005 . Oil 0,13 2.087 2.143 2. 16 2.36

102 .0005 .039 .036 2.087 , 141 2. 16 2.51

166 .0008 .014 .011 2.087 2.119 2. 16 4. 16
173 .0008 .(1 5 .009f Z.087 2. 117 2. 16 4.34
390 .0010 .010 .0080 2.0087 2.117 2. 16 4.77
197 .0(1N .0095 .0074l 2.087 2. 115 2. 16 4.94
'14 .0012 .0080 .0063 2.087 2.111 2.1 6 5.37
221 0013 .0075 .0058 2.087 2. 1t1 2. 16 5.55
23Y, 00141 .0065 0051 2.087 2. I11 2. 16 5.90
Z2 7 001 H . 0o,, .300'Q2 2.083 ,'!. I 1 2,16 6. 4S
34 , 00 1,t .0(3032)) .0025 2.081 L . 1, 1 2. 16 8. 14
329 .0053 .0026, .0023 2.089 2. Iit 2. 16 8.26
346 .0062 .0020 .0016 2.089 2.111 2.1 6 8.68
354 .0068 .0018 .0014 2.089 2. lt 2. 16 8.811

419 0089 .001" .0010 2.093 2. t11 2.16 t0.5
•125 0087 0012 .0010 2.095 2. 11 2. 16 10.7
490 .012 0011 .0010 2.097 2. 1ll 2.16 12.3

1Recovery

(11irrrs)

0 .01O0 .001( .0010 2.097 2. 1t1 2. 16
z .0115 .00010 0009 2.097 2.111 2. 16
6 .0105 .0007 0009 2.097 2. ill 2. 16

94 .0081 0004 0005 2.093 2.111 2.16
148 .0023 .0003 0006 2.09t 2.11i 2. 16

72 .0045 .0003 .0005 2.098 2.111 2. 16
96 .0035 .005 .0005 2.089 2. 11 2.16

1681 .0013 .0003 .0004 2.087 2. 11t 2. 16
192 .o001 .0003 .0004 2.087 2.111 2. 16
316 .0019 .000 .0003 2.087 2. t11 2.16

6.40 .000i .10023 0004 2.087 2. 11t 2.16
384 .0005 .0002 .00031 2.087 2. 1l1 2. 16
336 .0009 .0002 .0003 2.087 2. t11 2. 16360 .0008 .0002 .0003 Z. 087 ? . Il 2. 16
384 .0006 .0004 .0003 2.08R7 2. ltl 2. 16
504 .0002 .0002 0003 2.,087 2. ill 2. t 6

*510 .019 .070 026 2.097 2.279 2.20
528 .016 .096 062 2.097 2.263 2.24
552 .01,1 .080 084 2. 097 2. 203 2. 27
600 .O0O .057 065 2.097 2. 183 2.22

744 .0085 .039 0.45 2.095 2. 175 2.21
1032 .0076 .034 04,2 2.093 2. t43 2. 19
t10,1 .0073 .033 042 2.093 2..11t 2. 19
12-18 .0069 .031 .040 2.093 2. 141 2. 19
1.116 .0065 .029 .039 2.091 2. 141 2. 19
1920 .0050 .023 .036 2.091 2. 139 2. 19

*,- Reco.ery through 50,1 hours in vacuum; srnbsequent data obtained
I dry nitrogen at at-ioIrnrrnphvric pre• stre.
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Table 2. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 1 kc.

A - 30-mil kived film.
J3 - 30-rail m.achned.
G, - 1 25-,,ai Ioac"hined.

E u innipation Factor Dj1el- trir Constant
kExpo sure Absorbed

Time Dose
(Hours A 11 G A B C (Mrada)

0 .0003 .0003 .0003 ,.081 2.099 2. 10 0
6 .0003 .0061 .015 2.081 2.105 2.15 .15

22 .0003 .0085 .018 Z.081 2. 107 2.17 .54
28 .0001 .0105 .0z0 2.083 2.111 2.16 .70
47 .0003 .0088 .016 2.085 2. 1l1 2.15 1.18
54 .0003 .0085 .015 2.085 2. H5 2.15 1.36
71 .0003 .0072 .010 2.085 2. 1ll 2. 15 1.78
78 .0003 .0065 .009 2.085 2. Ill 2. 15 1.96
94 .0003 .0053 .0058 2.085 2. 11l 2.15 2,36

102 .0003 .00,17 .004,I 2.085 2. 109 2. 1s 2.51
166 .0003 .0017 .0017 2.085 2. l09 2.15 4. 16
173 .0003 .0015 .0016 2.085 2. 109 2. 15 4.34
190 .0003 . U001 .0015 2.085 2. 109 2.16 4.77
197 .0003 .0013 .0N15 2.085 2. 109 2. 16 4.94
214 .O004 .0012 .0014 2.037 2. l09 2. 16 5.37
221 .000,1 .0012 .0014 2.087 2. 109 2.16 5.55
235 .0004 .00111 .0014 2.087 .1g09 z. 16 5.90
257 .0006 .00I0 .0012 e.087 2.109 Z.16 6.45
324 .0009 , 0001 .0009 2.1)87 2. 109 2. 16 8.14
329 .0009 .0005 .0000 2. 087 2. 109 2. 16 8.26
346 .0010 .0005 .0008 2.0117 2. 109 2.16 8.68
354 .0010 .000'4 .0001 2.087 2. 109 2.16 8. 88
.119 .0015 .0001) .008 2.087 2. 109 2. t6 10.5
425 .0105 .0)011') .0008 ?. 087 2. 109 2. 16 10. 7
'190 .0013 .0004 .0008 2. 087 2. 109 2.16 12. 3

R~ecovery

Tiore
(flourti)

0 .0018 .000,' .0008 2.01l 7 2.11l 2. 16
2 .0018 .)0002 .0008 2.087 2.111 2. 16
6 .0017 .0001) .0008 2.087 2. ll 2. 16

24 0013 .000? .0008 2.087 .111 2.16
48 .0010 .0)02 .0008 2,087 2. 11 2, 16
72 .0009 .0002 .1)008 2.085 2. 111 2. 16
96 0008 .0ooz .0008 2. 0815 2. 1il 2. 16
168 0006 .11002 .0008 2.085 2.111 2.16
192 0005 .002 .0008 2.085 2. 1l1 2.1t6
216 0005 .0))2 .000)) 2.0R5 2.111 2.16
240 0004 .0002 .0008 2.085 2.1)l 2.16
264) .0003 .0002 .10008 2.0115 .1i 2. 16
336 0003 .0002 .0008 2.085 2.11i 2. 16
360 0003 .0002 .00)8 2.085 2.11I 2.16
384 0003 0002 0008 2.085 Z. 11 2. 16
504 .0002 .0002 .0008 2.085 Z. il . 16

*510 .0020 014 .0056 2. 085 2. 123 2. 16
528 .0025 0)5 .011 2.085 2.123 2.16
552 .0020 ()11 .05 2.087 Z.117 2. 16
600 .0016 0081. 010 2.087 2. 117 2. 16
744 .0013 0060 .0075 2.087 2.115 2.16

1032 0012. 00.19 0070 2.087 2. 1t5 2. 16
1104 .0012. 0045 .0069 2.087 Z.115 2. 16
t248 .0011 0042 .0066 2.087 2.115 2. 16
1416 .0011 .00.10 .0065 2.087 2.115 2.16
IP20 .0009 .0035 .005,8 Z. 017 2. 115 2. 16

* - Recovury thronith S0)1 }uitirs in %dcanhrtti ; sHI,,;,,rlent data obtalned)
in dry aI(rogrn .1) .att - hselih.rir prcnsur..
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Table 3. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 10 kc.

A - 30-rail skiv-d film.
B - 30-rail rachined.
C - 12r-mil rvachined.

Dlissipation Factor Diehrclri, Constant
E~xpossure - Absorbed

Time Dose
(Hours) A H C A 13 G (Mrads)

0 .0003 .0003 .0003 Z.081 Z.099 2.10 0
6 .0003 .0008 .0021 Z.001 ..101 2.14 .15

zz .0003 .0012 .0029 2.081 2. 105 2.15 .54
Z8 .0009 .0013 .0030 2.083 2.105 2.t5 .70
47 .0002 .0014 .0025 2.083 2.105 2.14 1.18
54 .000z .0014 .0023 2.083 Z. 105 Z.14 1.36
71 .0003 .0012 .0018 2.083 Z.105 2.14 1.78
78 .0003 .0011 .0016 2.083 Z. 105 2.14 1.96
94 .0003 .0008 .0012 Z.083 2.105 2.14 2.36
102 .0003 .0007 .0010 2.003 2. 105 2. 14 2.51
166 .0003 .0003 .0007 2.083 2.105 2.14 4.16
173 .0003 .0003 .0007 2.083 2. 105 2. 14 4.34
190 .0003 .0003 .0007 2.083 2. 107 2. 15 4.77

197 .0003 .0003 .0007 2.085 2. 107 2.15 4.94
214 .0003 .0002 .0007 2.085 2.107 2.15 5.37
235 .0003 .0002 .0006 2.085 2.107 2.15 5.90
257 .0003 .0002 .0006 2.085 2.107 2.15 6.45
324 .0004 .0002 0003 2.085 2.107 2.15 8.14
329 .0004 .0002 .0005 2.085 2.107 2.15 8.26
346 .0004 .0002 .0005 2.085 2.107 2.15 8.68
419 .0004 .0O02 .0005 2.085 2.107 2.15 10.5
425 .0004 .0002 .0005 2.085 2.107 2.15 10.7
490 .0004 .0002 .0005 Z.085 2.107 2. 15 1Z.3

Recovery
Time

(Hours)

0 .0005 .0002 0005 2.085 2.109 2.15
24 .0005 .0002 .0005 2. 085 2. 109 2.15
48 .0004 .0002 .0005 2.085 2. 109 2.15
72 .0004 .0002 .0005 2.085 2.109 2.15
96 .0004 .000z .0005 2.085 2.109 2. 15

t68 .0004 .0002 .0005 2.083 2.109 2.15
192 .0004 .0002 .0005 2.083 2. 109 2. 15
216 .0004 .0002 .0005 2.083 2.109 2.15
240 .0004 .0002 .0005 2.083 2. 109 2. 15
264 .0004 .0002 .0005 2.083 2.109 2. 15
336 .0004 .0002 .0005 2.083 2.109 2.15
360 .0004 .0002 .0005 2.083 2.109 2.15
504 .0004 .0002 .0005 2.083 Z.109 2.15
*510 0005 .0024 .0013 2.085 2. 109 2. 15
528 0007 .0022 .0023 2.085 2.109 2.15
552 0006 .0015 0025 2.085 2. 109 2.15
744 0005 0008 0016 Z.085 2.109 2.15

1248 0004 .0008 .0014 2.085 2.109 2. 15
1920 .0004 .0007 .0012 2.085 2. 109 2.15

* - Recovery through 504 hours in vacuum: suubseqttent data obtained
it dry nitrogen at atmuospherlc pressure.
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Table 4. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 100 kc.

A - lO-miI skivc, filn.

Ii - Il-ruil ns~shirs3d.
C" - l,'•-tmf ~chn

) ljissji:slissr 0.5,5, lo )ijs'( I ri,. ('ssi~fI,si1
I 3,rfss P r' t Absorbeid

.Io., Iose

((loris) A I) ( A 3 . (MraIdS)

0 .000? . 000Z .0002 A. 081 2. n97 2. 09 0
6i .0002 .0002 .0007 2.081 2.099 Z.14 .15

Z2 .0002 .0002 .0010 2.081 2.105 2. 15 .54
28 .0002 . (0002 .001 2.081 2.105 2.15 .70
47 0002 .0002 .0012 2.08 2. 105 2.14 1.18
54 0002 .0002 .30012 2.083 3 2.105 2. 14 1. 36
71 0002 .0002 .0010 2.083 2. 105 2. 14 1.78
78 0002 .0002 .0010 2.083 2.105 2. 14 1.96
94 .000? .000? .30308 . 08I 2. 2. 14 2. 36

102 0002 .0002 .0007 2. 08 2. 105 2. 14 2.51
166 .0002 .002 .000(6 2.083 2. 105 2. 14 4. 16
171 .0002 .1000 .0((6 2.083 2.105 2.1 4 4.34
390 0002 .0002 .0006 2.OR8) 2.107 2.15 4.77
397 0002 .0002 .0006 Z.0335 2,107 2. 15 4.94
2t4 000z .0003 .0005 2.085 2. 107 z. 15 5. 37
25 .3002 .0001 .00041 2.085 Z.107 2.15 5.90
Z57 .00( 3 .13033) .0004 z.085 2. t07 2.15 6.45
324, 000Z .0001 .000'1 Z.089 Z.107 Z.15 8. 14
129 0002 .000 3 . 00034 .2085 2. t07 2. 15 8. z6
46 .0003 .000 1 .0004 2'. 085 2. l107 Z, t5 8.68

,4l9 .0033. 03 .3000.30 2.085 2. 307 ,. !5 10. 5
.321 .0(3032 .0001 .1 000.1 . 085 2. 107 2. 15 10.7

911 100.Z .000 k3 . 000.1 Z .0815 2.3 07 2.15 12. 3

IH.,cov- "y

0 0 0 .0003 OO .000,1 Z. O~q, Z. 109 Z. 15

?,,1 0003 .0002. .000,| Z. 0H9 2. lo 0 Z . 15
,18 0003 O000?, .000,1 ?, 0Hr, Z. log 2. 15
72 0003 .000?. . 0004 2. 0H5 2. l09 Z. 15
90 kJ(10 3 0002 . (000.1 2. O1• 2'. i O0 2. 15

! 68 000 3 .00011 .0001 z , 08 3 2. lo0g 2. 1 S

t'92. 0003 .000?, '000,4 2.084 lg.0 2. 15
?.16 0003• .000 .000,4 Z.083 2. l09 2. 15
1.,10 .0005 .000ý .00U4 Z, UP 3 2. 109 2. 15

ý(.6 O00 01 (1000! .000,4 Z.08 OR3 . M0 Z. 15
1 16 000 1 .000? .000,4 2. 083 ?,. i 09 2. 15
56,0 0001 .000s s .000,1 ?2.s ?. log 2. 15
0 .1 0000 .33002 .0004 Z. 081 2. 109 2. 15
10 0003 .0002 .0004 2.085 2.109 2. 15

5'8 0004 .0003 .0005 Z,085 2.0 I 9 2. 15
72 0(001 .0002 .0004 O.085 2.z 09 2. 15

714 01)0.1 .0003 1 .0007 Z. 083 2. 109 Z. 15
iz,33 .000.3 .0004 .0005 Z.083 2. 109 2. 15
I20 .0004 .000'1 .0305 .2085 2. 309 2. 15

It ')' ovvry t.03o)0' h 1.04' or i. 3 ,3(3 2u . )•i -it d08 2 obt19 lned1

in dtry ni)I r 0'o.l 3 lIli l-sr)sl , 1i,1 r-'sssslr'.
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Table 5. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 100 cps.

A-2 Smt-Ii,-tI in a.1.l 91
0
"C, 2. hous

N-2 S-t--Ir ,, ,itIrop-. 3800C,.1 hntour.
A-lb Sint-tt,Id ilt ail-, IH80"C, l6 hollr.
N- lb Sink-o i'tlt nintti4.gv. 3840'C. 16 h--.

rxtNtt y __ Absorb-l

, i ..., 
DlOn

(llo..... A- N-2 A-16 N-ib A - 2 N-2 A-16 N-1b (Mratda)

0 .0004 .0005 .000r, .0001, 2.165 L.13 2.190 2.210 0
7 .0243 .0008 .0541 .002,3 2.175 4.13 2,200 2.210 Ali

Z3 .o6l .0011 .036 .0047 Z.201 2.13 2.Z00 2.210 .58
U2 .1165 .0008 .029 .0065 2.205 2.13 2.200 2.240 .80
417 .06? .0006 .021 .0097 2. 195 2.13 2.200 2.210 1. 18
71 .09 .0011 .012 .015, 2.195 2.13 2,190 Z.210 1.83
85 .01 .003t .0095 .047 ?.195 2.13 2.190l 2.210 2.13

1411 .010 .021 .0012I .016 2. 175 Z.1t3 Z. 190 2.2z10 4.,27
192 .1125 0Zb .0021 .016 Z.17M Z.14 Z. 190 2.240 4. 83
215 .022 .031 .0011 017 2.175 2.14 2.190 2.220 5.40
2ý12 .01B .031 .008 A0il 2.17l, 2. 14 L.190 2.220o 6.08
266 M07 .031 .007 .017 2.,1 75 2. 14 Z.190o Z.220 6, 67
336 .011 .034 .1013 .016 Z.175 Z.14 Z.19o 2.220 8.44
36) .0097 .033 .001i3 .014 2. 175 2, .14 Z.190 Z. 220 9.03
3184 .0084 .012 .0013 .02 2. 175 2. 14 2. 190 Z. 2.20 9.64
408 .0078 .0211 .0013 .0il 2.17, 2.14l 2.190 2.220 10.2
5,03 .0045 .UR2 .0011 .0072 2.175 2.14 2.190 2.220 12.6
5S4 .0039 .024 .0014 o0066 2.175 Z.14 2.490 2.220 13.8
597 .0038 .020o .0ow4t .0061 2.1t75 2.1t4 z.190 Z.223 415.0
668 .01018 .020 .0013 .0055, 2. 17, 2. 13 2.190 2. 220 16.7

It- osey

'ri,,-
(1 lturfi

Z4 .0014 .018 .0(43 .003H L1475 2.13 2,190 2.220
7Z .0017 .018 .0013 .0031 2.175 2.13 2.190 Z.220
g6 .0015 .017 .0013 .0028 Z.175 2.13 2,490 Z.220

168 .0015 .0Di6 .0013 .002Z3 2. 175 Z.,13 Z.10o a. 220
Z641 .1N4 .1)l't .0013 .0022 2.175 2.13 Z.190 2.220
1601 .0014 .013 .001? .00zz Z.175 2.13 2.190 2.220
480 .1.011) .011 .0011 .001.z Z.175 Z,13 2.190 2.Z20
8.40 co100 .0095 .0001 oo016 2.175 2,13 2.190 2.220

1224 .0,0107 .0067 .0012 .0016 2.175 2.13 2.190 2.220
1120 .0007 .016t .00P) .0019 Z.175 2,43 2.190 2.220

*1325 .027 .0160 .014 .00458 2.200 2.14 Z.130 2.220
1 344 .05,7 . 0280 .032 .41097 2.30 2. 14 2.255 Z.22Z5
1368 .072 .0390 .0416 .0125 2.2Z55 Z. 7 2.275 2.225
1446 .051 .050 .069 .01,1'5 2.2Z41, 2.i.18 2300 2.230
1488 .0-12 .061 . 120 .0173 2.225 2. 8 2.325 2.230
1512z .04, o06l .10 .0180 Z.21i5 Z.1 ,( . 365 2.235
1560 .038 .06.1 .120 .0190 2.?t5 2. 19 2,1375 Z.2Z35
1 1811 038 A0V5 120 .0195 2.210 2. 18 2.38"D 2.240
1656 .035 .043 H18 .00 .195 2.17 2.335 2.240
17,8 .0i4 .010 .147 W00 2. 190 2. 15 Z. 325 Z.Z35
1752 .0 14 .039 H17 .0!0 1. 190 2. 14 2. 305 Z. 235
188Z. 034l .037 .113. ( .12 1. 190 2. 14 Z. 305 Z.230
18418 .033 .016, W,4 .0)195 Z.190 2.14 2.300 2.230
1896 .026 .030 .091 .0180 Z.180o 2, 13 2.290 2. 230

* * - e It,to ry Ithroigh i I Itt hours -i .......t1.
132'0 hours to 18.4 i hh'ta ill (try h a~o. t atmonph-rit rssI
18.48 1-- o tor . 1 8116I h-~,- i. air.
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Table 6. TFE-7 Vacuum X-Ray Exposure and Recovery Data, I kc.

A-2 Sinr'sI in mir, 380"C, 2 hours.
N-2 Siltred in nitrog t., 380rC, 2 hours.
A-16 Sint1r.'d i, air, 380"C, 16 hous.r
N-16 Si.Sttr-d in nitrog,', 1HO-C, 16 htmrs.

I)i niIt. ion FlittI ... I)ieh, trtic Co11plellit

Ixpo--re Absorbed
Tit- Dose

(Hours) A-2 N-2_ A--6 N- 16 A-2 N-2 A-16 N-16 (Mrads)

0 .0004 .0004 .0004 .0004 2. 16i 2.1 2 2.190 2.205 0
7 .0047 .0010 .0078 .0011 2.165 2. 1z 2. 190 2.205 .18

23 .0084 .0010 .00.18 .0017 2. 165 2.t1, 2. 190 2.205 .58
32 .0096 .0010 .0038 .U019 2.165 2.12 2.190 2.205 .80
47 .0090 .001t .0026 .0022 2.t16 2.12 2.190 2.205 1.18
73 .0082 .0013 .0018 .0028 2.865 2.12 2. 190 2.205 1.83
85 .0059 .0015 .005 .0029 2.f65 2.t2 2.190 2.205 2.13
168 .0038 .0036 .0010 .0028 2.16W 2. 12 2. 190 2.205 4.22
192 .0032 .0042 .0010 .0028 2. 65 2.12 2. 190 2.205 4.83
210 .003t .0047 .0010 .0028 2. 165 2.12 2. 190 2.210 5.40

242 .0030 .0051 0010 .0029 2. 165 2. 12 2. 190 2.210 6.08
266 .0030 .0052 .0009 .0030 2.165 2. 12 2. 190 2.210 6.67
336 .0030 .0002 .0008 .0030 2. 165 2. 12 2. 190 2.210 8.44
360 .0029 .0051 .10008 .0029 2.165 2.13 2. 190 2.210 9.03
384 .0027 .0000 11008 .0027 2. 16r 2. 13 2. 190 2.210 9.64
408 .0024 .00.40 .0008 .0025 2. 1 69 2, 13 2.a.91 2.210 10.2
501 .0017 .0041 .0008 .0018 2.165 2.13 2. 190 2.210 12.6
502 .0017 .0040 .1008 .0018 2. 165 2.13 2.190 2.210 13.8
597 .1016 .0039 .0008 .0018 2.165 2.13 2.. 90 2.210 15.0
668 .0009 .0018 0008 .0018 2.160 2.13 2.190 2.210 46.7

Ilt ecovery
T'iNi

(Hours)

24 .0007 .0036 11003 .0018 2. 165 2. 2 2.I90 2.20
72 .0007 . 001.1 0003 .0014 2, 169 . 12 2.190 2.210
96 .0007 .0032 .0003 .0013 2.865 2.12 2.190 2.210

168 .0008 .002') .0(101 .0( t 2. 160 2. 12 2. 190 2.210
264 . O((IJ .0027 .0003 .0009 2. 160 2. 12 2. 190 2.210
360 .0012 .1027 .0003 .0008 2.165 2.12 2.190 2.210
•180 .0014 .11027 .0003 .0007 2.165 2.12 2.190 2.210
801 0 .0015 Dos8 .0003 .0006 2. 165 2. 12 2.190o 2t.10

12241 .0 10 .001t .0009 .0007 2,165 2. 12 2. I90 2.210
1320 .0010 .0010 0009 .0008 2.160 2.12 2. 190 2.210"*1325 .0070 .0039 0046 0018 2.175 2.13 2.200 2.210
13.14 .0115 .0069 .0085 .0027 2.180 2.14 2.200 2.210
1368 .0110 0089 .0160 .0036 2.220 2.13 2.200 2.210
1.116 .0070 0106 .0155 .0036 2.215 2. 14 2.200 2.220

1488 .0070 0t18 0220 .0045 2.205 2.13 .. 210 2.220
1512 .0069 015 .0235 0044 2.185 2.13 2.215 2.225
1560 .0068 0107 .0259 .0042 2,185 2.13 2.2'5 2.225
1584 .0068 0N0 0250 .00,'0 2. 175 2.13 2.215 2.225
1656 .0064 .004 .0215 .0031 2. 170 Z. 12 2.100 2.225
1728 .0058 .0072 0t95 .0031 2.170 2.12 2.200 2.220
1752 .0058 . 0070 .0190 .0031 2. 165 2. 12 2.200 2.220

18121 .005'1 .0065 .0189 .0031 2.165 2.12 2.200 2.220
1848 .0054 .0061 .0185 .0030 2.165 2.12 .ZO00 2.220
1896 .00(12 .0048 .0215 .0025 2.16q 2.12 2.200 2.220

R - Recovery ihrough I 20 howirs ill varllmllin.
1320 horm to 18,18 hours in dry itro1 ;cn ait pt-nosprrhic ire esuirn,

1848 hours to 1896 ho-irs in air.
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Table 7. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 10 kc.

A 2 Sintcred in ai, . 380"'C, Z hours.
N-2 Sint-r d in nitrogen, 3800G, Z hours.
A-16 Sintcred in air. 3801'C, 16 hours.
N-16 Sint-r-ld is ,itrogen, 380'C, 16 hours.

(Ii,, ip.[i,,, Fa, tor 1)ieloctric Constant
12x 1,Ostr e. Absorbed

Time Dose
(HourRs) A-2 N-2 A-16 N-16 A-2 N-Z A-16 N-it6 (Mrads)

0 .0004 .0004 .0004 .0004 2.165 2.12 2.190 2.205 0
23 .0013 .0001 .0019 .0006 2.165 2.12 2.190 2.205 .58
32 .0016 .0001 .0015 .0007 2. 165 2.12 2. 190 2.205 .80
47 0019 .0001 .0012 .0007 2,165 2.12 2.190 2.205 1.18
73 .0016 .0002 .0008 .0009 2.165 2.12 2.190 2.205 1.83
8o .0014 .0005 .0003 .0010 2.165 2.12 2.190 2.205 2.13

168 .0010 .0010 .0007 .0008 2.165 2.12 2.190 2.205 4.22
192 .0010 .0011 .0007 .0008 2. 16r 2.12 2.190 2.205 4.83
Z25 .0010 .001i .0007 .0108 2.165 2.1t2 2.t90 2.205 5.40
242 .0010 .0013 .0007 .0007 2. 165 2. 12 2. 190 2.205 6.08
266 .00110 .0018 .0007 .0007 2.165 2.12 2.190 2.205 6.67
336 .0009 .0021 .0005 .0007 2.165 2.12 2.190 2.205 8.44
360 .0009 .0021 .0005 0007 2. 165 2. 12 2.190 2.205 9.03
384 .0008 .0019 .0005 .0007 2,165 2. 12 2.190 2.205 9.64
408 .0008 .0016 .0004 .0007 2,165 2.12 2.190 2.205 10.2
503 .0008 .0013 .0003 .0007 2,165 2.12 2.190 2.205 12.6
552 .0008 .0013 .0003 .0001 2.165 2.12 2.190 2.205 13.8
597 .0008 .0011 .0003 .0006 2.t65 2.12 2.,190 2.205 15.0
668 .0008 .0010 .0003 .0006 2.165 2, 12 2.190 2.205 16.7

Rerovery
Time

(Hours)

24 .0007 .0010 .0003 .0005 2.165 2.12 2.190 2.205
72 .0007 .0010 .0003 .0005 2.165 2.12 2.190 2.205
96 .0007 .0010 .0003 .0005 2.165 2.12 2.190 2.205

168 .0007 .0010 .0003 .0005 2.165 2.12 2.190 2.205
264 .0005 .0009 .0003 0005 2.165 2.12 2.190 2.205
360 .0004 .0008 .0003 0005 2.165 2.12 2.190 2,205
480 .0004 .00o6 .0003 .0005 2.165 2.12 2.190 2.205
8,10 .000,4 .0006 .000.3 .0005 2.165 2.12 2.190 2.205

1224 .0004 .0007 .0005 .0004 2.165 2. 12 2. 190 2.205
1320 .0004 .0007 .0005 .0004 2.165 2.12 2.190 2,205"*1325 .0014 .0015 .0010 .0005 2.170 2.12 2.190 2.205

1344 .0019 ot)16 .0017 .0006 2.175 2. 13 2.190 2.205
1368 0020 0021 .0018 .0008 2.175 2.13 2.190 2.205
1416 0020 .0021 .0016 .0011 2. 75 2. 13 2. 190 Z.210
1488 0015 ,0019 .0015 .0012 2.170 2.13 2. 195 2.210
1512 0014 .0018 .0015 .0041 2.?170 2.13 2.195 2.210
1560 .0013 .0017 .0014 .0010 2.170 Z.13 2.195 2.210
1584 .0012 .0016 .00t4 .0009 2.170 2.13 2.1t95 2.20
1656 .0011 .00t3 .0013 .0006 2.165 ?.13 2.190 2.210
1728 .0011 .00t3 .0012 .0005 2.165 2.13 2.190 2.205

1752 .001t .0013 .0012 .0005 2.165 Z. 13 2. 90 2.205
1824 0011 .0012 ,0012 .0004 2.165 2.13 2.190 2.205
1848 .0011 .0012 .0012 .0004 Z.165 Z.13 2.190 2.205
1896 .0006 .0010 .0010 .0004 2.165 2.1,3 2.190 2.205

5 - l1-nvery through 1320 hours in VacUtM.
1320 hours to 1848 hours ijr dry nilrog-r at atmospheric pressur,.
1848 hours to 1896 hours in air.
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Table 8. TFE-7 Vacuum X-Ray Exposure and Recovery Data, 100 kc.

A-/ Sinlered ij air, 380
0

C, 2 hours.
N-2 Sintored in nitrogen, 380"C, 2 hours.
A-16 Sinttr d it, air, 380°C, 46 hours.
N-I16 Sinler-d in oitrogen, 3801C, 16 hours.

J)issiplation Factor Dielectric Constant
Rxposutr e ___Absorbed

Time Dose
(Hours) A-2 N-2 A-t& N-16 A-2 N-2 A-16 N-16 (Meads)

0 .0004 10004 .0004 .0004 2.165 2.12 2.185 2.205 0
23 .0011 .0008 .0011 .0004 2.165 2.12 2.t85 2.205 .58
32 .OOt0 .0007 .0009 .0002 2. 165 2.12 2.185 2. Z05 .80
47 .0008 .0007 .0006 .0002 2.165 2.12 2.185 2.205 1.18

73 .0007 .0007 .0005 .0001 2.165 2.tZ 2. 185 2.205 4.83
85 .0007 .0007 .0005 .000z 2..165 2.2Z 2.185 Z2.05 2,13

168 .0007 .0008 0005 .0004 i 2.165 2.12 2.185 2.205 4.Z2

192 .0007 .01)08 . 0005 .0005 Z. 165 2. 12 2ý 185 2,205 4. 83
Z15 .0007 .0008 0005 .0006 z.165 2.1Z 2.185 2.205 5.40
242 0007 .0008 .0005 .0007 z.165 z.12 2.185 Z.205 6.08
266 .0007 .0008 .0005 .0007 2.165 2.1tZ 2.185 Z.Z05 6.67

336 .0005 .0008 .0004I .0007 Z. 165 2. 12 2. 185 2. 205 8. 44
360 .0005 .0008 .0004 .00107 . 165 2.12 2. I85 Z, 205 9.03
384 .0005 .0008 .0010 .0007 Z. 165 Z.1z 2. 485 2. 205 9.64
4108 .0005 0008 .01)04 .0007 2.165 Z. 12 2. 185 2. 205 10.2
503 .0005 .0008 .0004 .0007 2.165 2.1 2.1 85 2.205 12.6
552 .0005 .0008 .0004 .01007 1. 165 .1l2 2. 185 2.205 13. 8
597 .0005 .0008 .0004 .0007 2.165 2.12 2. 185 2.Z05 15.0

668 .0005 .0008 .000.1 .0007 2. 15 2.12 ,1. 485 2.205 16.7

Rreov-,ry
Ti..e

(Hourt)

24 .0005 .0008 .0004 .0007 2,165 2.12 2.185 2.205
72 .0005 .0008 .0004 .0007 2. 165 2. 12 2. 185 2.205
96 .0005 .0008 .0004 .0007 Z.165 2.12 2.i115 2.205

168 .0005 .00008 .0004 .0007 2.1 65 Z.12 2..85 2.205
264 .0005 .0008 .0004 .0007 2.165 2.12 2.105 2.205
360 .0005 .0007 .0004 .0007 2.165 2.12 2.185 2.205
480 .0005 0006 .0004 .0007 Z. 165 Z.12 Z. 185 2.205

840 .0005 0006 .0004 .0007 2.165 2.12 2.185 2.205
1224 .0005 0006 .0004 .0007 2.165 Z.12 2.185 2.205
1320 .0005 .0006 0004 .0007 2.165 2. 2 2.,185 Z. Z05"*1325 .0011 .0009 0009 .0008 2.170 2.12 Z.185 2.2.95

1344 O1l .0012 .0010 .0008 2.175 2. 13 2.185 2.205
1368 .0013 0015 .001? .0008 2.175 2.13 2.185 2.205
1416 0013 .0015 .00(1 .0008 2.175 2.1t2 2.1t85 2.210
1488 .0012 .001i .0011 .0008 Z.170 2. 12 2.190 2..t0
1512 .0011 .0012 .0010 .0008 2.170 Z.12 Z.190 2..10
1560 .001t 0012 .0010 .0008 2.170 2.12 Z.190 2.210
1584 0010 0012 .0110 .00108 2. 1/0 2.1 2 2. 190 2.210
1656 .0010 0011 0009 .0007 2. 165 2.12 Z. 190 2.2O10
1728 .0(N10 .0011 .00 0007 ,. 165 Z.12 2. 91o 2.Z05

1752 )009 0010 0009 .0007 2. 165 2. 2 2.190 2. Z05
182.1 .0009 .0010 .0008 .0007 2.165 2.12 2.190 2.205

8,18 .0009 .0010 .0008 .0007 2,165 2.12 2U.90 2.205
1896 .0006 .0009 .0007 .0007 2.165 2.1 2 2.1 90 2.205

* - Recovery through 1320 Itour i,, vruun,.

I 20 lhoorm ito t8148 houtrs it, tlry nilrog-n at atmospheric pretssture.

1848 lhoorn to t896 lu...r,. in air.
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Figure 8. Effect of x-ray irradiation on TFE-6; previous data.
Curve A - irradiated in air; Curve B - irradiated in
vacuum; Curve C - irradiatedin vacuum after previous
dose of 8. 5 megarads, followed by 10 months recovery
in air.
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Figure 18. Cross-sectional view of specimen for electric strength
measurements at frequencies up 100 Mc. Approximately
twice full size.
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APPENDIX I.

SUMMARY OF TESTS ON MULTICONDUCTOR CABLE CONNECTORS

1. Specimens.

Six cable connectors manufactured by the Bendix Scintilla

Division, Sidney, New York were furnished by the Bendix Systems

Division, Ann Arbor, Michigan. The connector parts were identified

as follows:

SPOOCE-20-41S
SPO6CE-20-41P(SR)

Five connectors were wired and assembled by the Bendix

Field Engineering Corporation, Baltimore, Maryland. The sixth

connector was disassembled and the rubber insert was cut into

sections to serve as weight-loss specimens.

A 6-inch length of wire (MIL 16878, Z2AWG, Teflon Insulated)

was connected to each pin, and the leads to pins A, C, E, G, J, L,

N, R, T, V, Y, a, c, e, g, i, m, p, r and t were connected to a

common high-voltage terminal. The remaining leads were connected

to a common ground terminal either directly or through a Keithley

Model 410 micromicroammeter, as described below.
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2. Tests.

(a) Insulation Resistance.

Resistance measurements were made between the common

terminals using a Keithley Model 410 micromnicroammeter. Since

alternate pins were connected to opposite terminals, these measure-

ments indicate the overall insulation resistance of a mated connector.

(b) High-Voltage Performance.

The 60-cps corona starting voltages and breakdown voltages

were determined by connecting one of the common terminals to a

high-voltage lead while the other common terminal was grounded.

The connector shell was connected to the grounded terminal. Corona

was detected by inserting a 100 ohm resistor in the ground side of

the circuit and monitoring the voltage across this resistor with an

oscilloscope. The applied voltage was manually increased from zero

to maximum in approximately 30-seconds.

Failures could occur between adjacent pins and between the

connector shell and those pins that were connected to the high-voltage

terminal.

3. Exploratory Measurements.

Since the number of specimens was so limited, several

exploratory measurements were made on one mated connector,

designated Specimen #1. Table I shows the measured values of

resistance after a 5-minute electrification at each of several vol-

tages in the range from 46 to 640 volts. At the end of 30-seconds of

electrification, values were obtained that were within 10% of the

values shown in Table I. Measurements made with reversed polarity

yielded the same values of resistance. A voltage of 180 volts was

selected for all subsequent measurements.
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In a vacuum of approximately I x 10"5 torr, at room

temperature the resistance of Specimen #1 increased from 7. 12xi0 9

40
to 1. 5 6 x1l0 ohms after 64-hours of exposure. When the temperature

of the connector waE increased to 65 0 C the insulation resistance

decreased rapidly to a minimumn value of Z. 88x107 ohms and then

slowly increased during a 7-hour period to a value of 4. txIC7 ohms.

The detailed data are given in Table II. After cooling to room

temperature, the cycle was repeated and these results are also given

in Table II. It can be seen that the transient effect was moderated

during the second run, but the overall behavior was similar to that

observed during the first exposure. In both cases the heater was

turned on at acro time and an equilibrium temperature of about

65 0 C was reached after 30-minutes.

After 24-hours of exposure at 65°- in Lhe vacuum chamber,

x-ray irradiation was introduced. The data are given in Table III,

where it can be seen that the gradual increase in resistance that had

been evident before the introduction of x-rays, continued during the

150-hour exposure period. This indicates that the irradiation had no

significant effect on the insulation resistance.

At the end of the 150-hour exposure period, the voltage was

increased to 640-volts and the insulation resistance was the same as

that measured at 180-volts,

A 60-cps high-voltage test was then conducted, using a

100 ohm resistor on the grounded side to provide a signal which

could be monitored with an oscilloscope to determine the corona

starting voltage. Corona was detected at an applied voltage of

1000 volts rms and a breakdown occurred after two minutes of vol-

tage application. The connector was removed from the cell and

opened for inspection. The breakdown had occurred at the interface

of the connector insulators between pins N and P, where N had been

connected to the high-voltage. The leads to these pins were removed
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from the common terminals and the connector was again placed in

the vacuum chamber. After 39-hours at 65 0 G the insulation resis-

tance was the same as it had been at the end of the previous run.

A second high-voltage test again resulted in corona at

about 1000 volts rms. A breakdown occurred between pins L and M,

where L was connected to the high-voltage. Arcing also occurred

between K and L but a complete track was not formed.

These exploratory measurements provided the information

required to set up a long-time test on the four remaining specimens.

4. Long-Time Tests.

Specimens 2, 3, 4 and 5 were placed in the vacuum chamber

in a horizontal position, one above the other, with their axes in a

plane perpendicular to the x-ray beam and approximatcly 44 cm from

the x-ray target. From top to bottom the order was 2, 3, 4, 5. In

each case pin L was closest to the front of. the chamber, toward the

beam. The sliced rubber insulator segments were hung on bare

hook-up wire just above connector #Z. Thermocouples were attached

to each connector shell and one was placed approximately 1/8-inch

in front of the connectors between specimens 2 and 3. A thermistor

used in the thermostatic control circuit was also placed at this same

location, An incandescent lamp which served as a heat source was

located at the front of the cell, approximately 20 cm from the speci-

m ens.

The x-ray generator utilizes a Machlett AEG-50 tube with a

tungsten target operating at 50 .V peak, 50 ma. The equivalent

carbon dose rate in the plane of the specimiens was about 0. 1 mega-

rads per hour.

The chamber was pumped down over a 64-hour period to

reduce the amount of outgassing that was expected when the tempera-

ture was increased. In spite of this long initial pump-down period,
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when the specimens were heated the pressure increased from 1x10 5

torr to IXt0-4 torr and did not drop to 5x10-5 torr until 7-hours of

heating had elapsed.

After one hour of heating, Specimen #5 was tested for 60-cps

corona starting voltage, which was determined to be 1200 volts rms.

The insulation resistance data obtained during a 344-hour

exposure period are given in Table IV. The minimum values

occurred at approximately 1 1/2-hours after heating began. The

average temperature of the group of connectors was 63 a 2cC, while

each connector temperature was maintained constant within 1 0 C.

Slight temperature fluctuations proved to be important during

the period when the insulation resistance was slowly increasing. It

appeared that the temperature coefficient of resistance was -10 to

-15% per degree Centigrade in the temperature range near 65oC.

It will be noted that after 344-hours the insulation resistance

in each case is about two decades lower than the room temperature

value and increasing very slowly. As mentioned previously, this

behavior is caused by the temperature increase rather than the x-ray

irradiation.

The 60-cps corona starting voltage was measured at 344-hours

for each connector. In all cases corona was detected at about 700

volts rms and complete breakdown occurred at about 2500 volts rms.

Table V indicates the location of the complete and partial failures for

each connector. It should be mentioned that a sustained voltage of

700 volts caused detectable corona but did not lead to a complete

breakdown after several minutes, It was necessary to increase the

appli.ed voltage to obtain a breakdown.

After the high-voltage tests were completed, the cell was

opened and the connectors were inspected. In each case it was

difficult to uncouple the mated connectors because of adhesion of the

rubber insulator in one body to its counterpart in the other body.
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Weight measurements were made on one rubber insert that

had been sliced into three pieces. This insert consists of two parts

which are bonded to form a single piece. The insert that separates

the pins is a black rubber, while the opposite end that separates the

wires is a brown rubber which has a wax-like feel. The three weight-

loss specimens are identified as black, transition and brown to indi-

cate the section of the insert from which they were taken. Table VI

shows the percentage loss in weight after the 344-hour exposure and

at various intervals during subsequent storage at laboratory condition.

The nominal weights of the three specimens were: black 10 gis,

transition 3 gms, and brown 7 gis.

The data show that both materials exhibit significant -weight

losses which are only slightly affected by storage at laboratory

condition for 24-hours.

The data of Table V1 show that both rubber compositions

exhibit significant weight loss after 344-hours in high-vacuum.

Slight increases in weight were observed during a 24-hour recovery

period at laboratory condition. This weight recovery, which occurs

with many materials, is usually associated with moisture absorption.

All three specimens were much stiffer after exposure and

the brown material had become darkened in the areas that had been

directly exposed to the x-ray beam. The inserts in the connectors,

which were shielded from the x-rays by the connector shells, did not

become as stiff as the specimens that were directly exposed, Conse-

quently, additional tests would be required to determine the extent

to which the irradiation affected the physical properties.

5. Conclusions.

Exposure to high-vacuum and x-ray irradiation did not cause

any serious changes in the electrical performance of the connectors,

but physical changes in the rubber insert were observed. The largest
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change in overall insulation resistance was caused by increased

temperature, rather than reduced pressure or irradiation.

Longer exposure times would be required to determine if

the weight loss and stiffening of the rubber insert would lead to

mechanical failure. It appears that the life of the connector in a

space environment would be determined by mechanical rather than

electrical properties.
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Table I. Specimen #1, Insulation Resistance at Z5 0 C,

Atmospheric Pressure.

Volts Ohan

45 7. 50xfO
9

90 44xi0
9

135 7.18xtO9
1 80 7. ~IWO9
3Z0 7. 12x10

9

640 7.08xiO9



APPENDIX I 81

Table TI. Specimen #1, Effect on Exposure at 65 0 G, 10-5 torr

On Insulation Resistance.

Exposure Tine tst cycle Znd cycle
(Hour s) (ohm s) (Ohmns)

0 1.56x4010 1.33x1010

0.5* 1.17x.10 9. ZZus7

1.0 3.53xt07 4,6 Bx07

1.5 2.98x40
7  

3.96x107

Z.0 2.B xKO
7  

3.96xi07

2.5 2.93x10
7  4.19x107

3.0 3.00x107 4. "x10
7

3.5 3.16x10
7  4.74xi0

7

4.0 3. 19x10? 4. 7xt07

4,5 3.30x40
7  5. 44x40

7

5.0 3.39x107 5.45x107

5.5 3.64x10
7  5.

6
3x

1
07

6.0 3.83xt0
7  

5.81x107

6.5 
4

.00xiO7 6.OOxlO7

7.0 4. 18x5t0" 6.41x10
7

7.5 6. 72x107

2Z.0 1.15x408

SHeating started at zero time.; ttnperature

constant at 55
0

G after 0. 5 hours.
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Table III. Specimen #1, Effect of Exposure to X-Ray Irradiation

at 650 C, 10- 5 torr on Insulation Resistance.

Exposure'lim ResIstance Exposure Time Resistance
(Hours-) (ohmos) (Hours) (ohms)

o 1.17x108 74.5 3.02,10O

0. 5 1. 15,10 8 75.0 3. 05xf108

1.0 1. x12,10 77.0 .9X08

1 .5 1.09,10 8 78.0 Z. 84x40 8

Z. 0 1 .11l0xo 79. 0 2. 91x10

2. 5 1. ¶4,498H 95. 5 3. 53,4Q 
8

3. 0 1. 1,10I 96. 5 3.21.108

3. 5 1. 14x10 8 97. 0 3. 08xl408

4.0 1 .15,40k9 98.0 2. 97x10

-1. 5 1.15i.1 08 99.0 2.,97xl408

9.0 1. 14x 00Z,9X0

"5.5 1 .1i8x10 9 101 .00i

6.0 1. 19.10 8 102 3. 02,10O

6. 5 1 .2.2,08 103 3. 11x10O

7.0 1 .24,10 8 104 3. 18,100

7. 5 1. 29.408H 120 3. 66xl10

8.0 1. z,1 089 121 3. 56xi0On

a.5 1,i. 33xi108 122Z 3. 39x10

23. 5 t. 78x,4Q8 123 3. 40,108

24.0 1. 78xid08 125 3. 59,408

2M.0 1. 671 0 8 126 3.b6t 10 8

26.0 1.64,100 12I7 3.52xl108

29. 0 1., 72x10 8 128 3. 54,10 8

31.0 14. 78108 143 4. x10,18

32.0 1 .80,10O8 144 3. 91V1 0 8

47. 5 Z, 33,108 145 3. 84,00 8

49.0 2. 1 5,108 146 3. 69x10

50.0 2. 14,10 8 147 3. 66x108A

511.0 2. 14,10 8 1418 4.00xi108

52. 221,08150 4.09,10

55.0 2. 39.,498
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Table IV. Effect of Exposure to X-Ray Irradiation at 65 0 C,

10-5 torr on Insulation Resistance.

Insulatlon, Resistance (chins)

Exposure Time
(Spour) Spec. 2 Spec. 3 Spec. 4 Spev1

10 10 -0 10I
o 2. 811010 3.05.10 ( 3. 34xO i 3. S O 010

0.5 1.44.10
8  

1.111x0 1 .62x108 4.45xtO08

1.0 3. 37.10 7 2. 75xi07 3. 53.107 6. 25x10

1.5 2.2.x0l7 1.90x107 2,27xl07 3.83xi07

Z.0 2.54.10 72.16.O7 2. 52xo07 4.09xl07

2.5 2.56xi07 2.20xt07 2.
2 7

x1
0

7 4. 09x
1

07

3.0 2.65x107 2.
3

xJO I .•61x1O7 4.09x
1

07

3.5 2.73x107 2, 42x10 7 . 71x07 4.00x107

4.0 
2
.

7
9x10? 2,49x10 2.79x107 4.05xc07

4.5 2.95,x07 2.
6 7

xt07 Z,95x107 4.14107

5.0 
3
.

4
1xi07 2.84xi07 3.08x107 4.39xl07

6.0 3.60xl07 3. U-107 3.64xt07 4.87xt07

7.0 3. 87xiO7 3.67.107 3. 9
6
x07 9. 22,i07

8.0 4. 18xO0
7 

4.05,107 4.34x10 7 5.63010
7

Z4.0 8.78xi07 8.78x107 9.6Z.107 1.21108

26,0 8.66x107 8.66x10 7 9.37A07 9.1 Rx08

28.0 9, Ox1O7 9.OOxtO7 9.83O107 1.22x108

30.0 9. 33x107 9.2
3

xt
0

7 .0ol0o8 1.260108

33,0 1.03x108 a .0xO,10 t. 1t.10f 1.41x108

48.0 1.59X108 1.56x10 1,.75x10 2.16x108

56,0 1.67x108 
1

.
6 2

xi
0

8 1.801x08 Z.24x10
8

72.0 8 8 1.78x10 8 1.96x1O8 2.59xi08

78.0 1.90XiO8 1.78.108 1.98x010 2.65x008

96.0 2.50108 2. 29t018 a. 61t 0 a 3.54xt08

104 2.59,108 2.380108 2.71xO08 3.65x108

168 3. 92108 3. 4x1 0R 4, 09.108 5. 7ZxI08

192 4.28xl0O 3.83xl08 4, 10 08 6.43x10
8

8 8ZOO 4. 28108 3. 75.108 I, 39X10 6. 33x10

22O 3. 83.108 3, 34x008 4, ONOx8 5. 72x108

240 4.18x108 3.71x10a 4.48x108 6.43xO8

248 4, 14x108 3. 62st0
8  

4. 39x108 6. 37x10
8

264 4.47%108 3,9txt08 4,73xi08 6. 97o08

272 4.38x108 3.82x108 4.66x108 6. 69x108

3441 . l4X
1 0

8 4. 56x08 5.46.10 8.07x10a
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Table V. Failure Locations. Tracks formed on flat surface of

rubber insert between pin locations shown.

Spcimen. Complete Track Partial Track

High Ground High Ground

N P L K
L M

SC C_

3 T S G D

4 11 M

5 A II L M
N M
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Table VI. Percentage weight loss of rubber insert sections after

exposure to x-ray irradiation at 65 0 C, 4U-5 torr for

344-hours.

Time elapsed
after removal Black Transition Brown
from chaniibr Specimen Spoecimen Specimen

(hours)

0 3. Z.4 9.405 6.114
0. 9 3. Z20t !. 362 6. 088

1 . zo00 5. 353 6.081

z 3. 19Z 5. 334 6.065

3 3. 189 5. 328 6.060

4 3. 184 5. 320 6.053

5 3. 180 5. 32 6.047

7 3. 175 5.304 6.038

24 3. 141 5, 237 5.982
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I
APPENDIX 1I.

SUMMARY OF ELECTRICAL DATA ON SILOXANE DIELECTRIC

COMPOSITIONS FOR ANTENNA-MOUNT INSULATORS

In a report submitted to USAERDL on May 9, 1962, test

results on several antenna-mount insulators and insulating materials

were presented. Among the materials included in that study were

two siloxane compositions (C-1928 and C-1941) supplied by the

Delaware Research and Development Corporation, Wilmington,

Delaware. To provide further information on materials of this

type, additional measurements have been made on several siloxane

CoMpositions and are reported herein.

The material designated C-1977 in this report is the same

composition type as the materials designated C-1928 and C-1941 in

the previous report. This material was used in the fabrication of

antenna-mount insulators tested in the previous study.

All specimens used in this series of tests were provided by

the Delaware Research and Development Corporation on a no-cost

basis.

The test methods employed in all measurements have been

described in numerous reports issued by the Dielectrics Laboratory.

Tables I and II include loss data at frequencies other than those

normally used at this laboratory. These values were obtained at
several other laboratories and compiled by the Delaware Research

and Development Corporation.
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Flashover and electric strength tests were made by applying

a gradually increasing voltage from zero to maximum in approxi-

mately 40-seconds. Flashover tests at 100% RH were made on speci-

mens that were mounted in a conditioning chamber and left undisturbed

until after the measurements were completed. Condensation on the

surfaces of the specimens and the electrodes contributes to the spread

in results.
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Table I. Summary of Dielectric Constant Data on Siloxane

Compositions, *

F-rwueny G- 1977 G-1928 C-1147 C-1994 C-1981 G-1985 C-1989

60 cp. 2..375 2. 39

100 cpi 2. 375

I Kc 2. 367 Z. 39

i0 iK, 2. 350 2. 38 2. 50

100 K, Z. 346 Z. S2

?M, Z.339 2.38 2.51 5.63 5.94 9.01 2.57

t8MC 2.310 2.24

40 Mc Z. 282

100 M, Z. ?40 2. z0 2.49

250 M," 2. 51

300 M" z. z6

1 C, 2.2 2.0 5.99

3 ,;t 2.2( 2.. 50 6. 04

8. UG 2.266 2.49 5.77 6. 10 2.64

9. 2 U(k 6.02

9. 4T7 G(, 4. 51 9. 19

14 Ge Z. 48

• Includes data from other laboratories compiled by Delaware
Research and Development Corporation.
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Table 11. Summary of Dissipation Factor Data on Siloxane

Compositions. *

Frequency C-197 C-928 C-1147 C-1994 C-1983 0-1985 0-1989

60 cpa .00128 <.000ý

100 cpa .00159

1 Kc .00191 '.0005

10 Kc .00139 <.0005 .000Z

100 RL .00137 .0001

2 Mc .00067 .0003 .0002 .0012 .0014 .00ZI .0006

18 Mc .00083 .0006

40 Mc .00079

100 Mc .00061 .001R .0001

Z50 Mc .0003

300 Mc .00099

i Gc .00103 .0004 .00A8

3 Gc 00104 .0006 .0034

8.5Cc C n,0n48 .0007 .0042 .1 03ý .0012

9.2 Gc .0040

9.375 Gc 0008 0023

14 Gc .0009

* Includes data from other laboratories compiled by Delaware
Research and Development Corporation.
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Table III. Effect of Temperature and Moisture Absorption on Loss

Properties of Composition C-1928. (1)

Conditi on tan6

25C/100%RT] 2. 39 y)

85C-1 hour 2. 32 1,

85C-24 hors 2. 34 L

After I hour recovery e. 37 11

25C/i0O%RII. I hour 2, 39 L

25C]100%RH-24 hours 2. 40 .005

After I hour recovery Z. 39 L

(1) Average values for two apecimpnna.

(2) L = Legs than 0. 0009.
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Table IV. Effect of Exposure at 30 C, 100%o RH on D-C Surface

Resistivity (ohms per square). One minute electrification.

Expnnilr e

Time
(itours) C-1977 C-1994 C-1983 C-1995

I.,ItiaJ 4. 5xt017 1, 3.10 5 - , " x 0t14 2. 3x1017

!4 1. ZxO0Iz 9. OxI0 i0f, Oxl0z .1xi02

48 1. 3x10
1 3  

Z. 1x10
1 0  

1.5xi0
1

t i.zx10 
0

7Z 8.x|IO
1
'

88 3. IxiO9 3. 5x10
1 0  

1. 3.x0
1 0

96 1. 4xi0
1 3  

9. OxlO9 5. 8x1010 Z. 4xO
1 0

Recovery(|
Time

(Hour .)

1 3. ix10
1 7  

4. Zxu0
1 1  

3. 4x10
1 2  

5. OxiO
1 6

14 3. 3x.O13 3. 4x1013 2.9xI0
1 7

64 1.0xi0
1 8

(t) Recovery at W0%RIW.
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Table V. Effect of Exposure at 30 0 C, 100% RH on D-C Volume

Resistivity (ohm-cm). One minute electrification.

ExposuLre

Time
(Hours) C-1977 C-1994 C-1983 G-1995

Initial 1. IXO10 il . 6x1014 1. 0xi 014 1.2xIO 17
2.4 1.7.1013 1. 5x 1i 3 1. 5x103z 5. •i:10 13

48 1. 1XO 1
3  

3. 8H1O12 B. 3x1Ot1 3. 7x10 z

72 1. 3xiO 
1 3

88 . OXtO 13 4. OxIOI z 3. Ox1O2z

96 1. Zx1043 8.OXIO
1
'. 

3
,xO I 7. IxIO z

Rvncovv ry(l

'rim,.
(Hours)

1 2.7x10
1 7  

f. 4xi0
1 3  

2. zxO 
1 2  

1. 1x10 
1 7

24

64 4. 3,At017 9. xIz 9. OXIOl2 1. 8xio7

jl) Recovery at 50161H.



94 APPENDIX II

Table VI. Average Values of Electric Strength (rms VPM);

Recessed Electrodes, 1/2" Diameter Tapered

Electrode.

60 cpb 2 Mc 18 Mc

Composition No. Tests ?MIIa VPM No, Tests Mils VPM No. Tests Mile VPM

C-1977 4 40 1044 3 33 375 3 33 f44

C-1977 after 4 33 t480 3 32 335 4 35 M18
24 h.ur. at
30C/OO14H

G-1147 4 43 1175 4 45 509 4 42 214

C-1994 6 41 980 4 47 147 4 45 59*

C-19•3 3 44 986 2 42 163 2 46 54*

C-1985 8 44 411 4 4t 96# 3 45 37*

C-1989 16 40 1115 8 45 206 10 45 60*

* Thermal failure.

4 P.nclurc acc,.patiled by uignificant heating,
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Table VII. Flashover Voltage (rms KV), 3/4" Diameter Electrodes,

3/8" Gap. Initial Values and Exposure Data at 30 0 C,

100% RH with Condensation.

Expo.ur. 60 c. 2 Mc i Mc
Timle

Compooltion (hours) No. Tests KV No. Tests KV No. TestR KV

C-1977 Initial 4 13. 8() 4 12. 3 3 40. a

1 3 9.3 4 10.9

Z4 5 8.2 4 8.5

C- 1147 Initial 4 40. 6 4 e0. 5

96 4 7.7 4 8.0

C-1994 initial 3 9. 3 3 8.0 3 6. 5

4 2 9.4 1 5.5

2 44 . i 4.2

G-iM983 Iitial 3 9.0 3 6. 9 3 6.0

1 3 8.4 1 6.0

24 3 8.5 1 3.7

C-1985 Initial 3 7.8

1 3 7.9

C-4989 Initial 6 11.8 3 11.0 3 7.7

1 5 8.3 3 8.7

24 3 8.0 3 8.0

(1) 1st Rerun same specimens - 14. 1 KV
Znd Rerun, san, specimens - 14. 3 KV
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APPENDIX III.

DIELECTRIC PROPERTIES OF EXTRATERRESTRIAL, DUST

Measurements of dielectric constant and dissipation factor

were made on specimens of extraterrestrial sediment from ice

melters located at the South Pole Station. Specimens identified as

Material I and Material II were prepared at USAERDL, Fort Monmouth,

New Jersey is the following way:

Material I. Passed through 40 mesh screen.

Material II. Passed through 40 mesh screen and

heated at 600 C for one hour to burn

off organic contaminants.

A small cell was made which permitted the powdered

material to be poured into the space between a pair of parallel plate

electrodes. The electrodes were 3" x 3" and were separated by a

distance of 1/8". This cell was used for measurements over the

frequency range of 750 kc to 20 Mc. The measurements were made

with a Boonton Model 260-A Q-Meter.

Preliminary measurements were made on: (a) the loose

material, immediately after it was poured into the cell; (b) the

settled material, after standing for one hour, and (c) the compact

material. The compact specimen was formed by vibrating the cell

until the volume of material no longer decreased. No differences

could be detected between the loose and the settled specimens, so no

further measurements were made on the settled material.

A smaller cell with shorter leads was required for measure-

ments with a Boonton Model 190-A Q-Meter in the frequency range

of 100 to 200 Mc. An existing sample holder was modified for this

purpose. It was necessary to insert a polystyrene ring between the

electrodes to maintain a fixed separation. The volume of material
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between the electrodes was .765" in diameter and 0. 137" thick. It

was not possible to make measurements on the loose material with

this cell.

Measurements were made on both materials in the as-received

condition and after being dried at 50 0C for 90-hours. Density deter-

minations were made each time a cell was loaded. All measurements

were made at room temperature.

The results are summarized in Table I. It should be noted

that the densities for the 100 to 200 Mc specimens were significantly

lower than the compact specimens obtained in the larger cell. Conse-

quently, the high-frequency data is more in line with the low-frequency

measurements on the loose material.

The importance of residual moisture content is demonstrated

by the significantly lower tan6 of the dried specimens of Material II.

A further reduction in tan6 would probably be observed if the measure-

ments were made on specimens that were placed in a high-vacuum

c2frnber.

To make meaningful measurements in the 1. 0 to 8. 6 kmc

range it would have been necessary to modify the available Dielectro-

meter. It was not possible to load the powdered material in the

waveguide and accurately determine the position of the specimen sur-

face. With such a low dielectric constant material it would be

necessary to fill the waveguide to a depth of about 2-inches and to

determine this depth with an accuracy of a few mils. Even if a known

weight of powder could be poured into the guide, the variation in

packing would be great enough to introduce a prohibitive error in the

calculated depth.
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Table I. Dielectric Constant and Dissipation Factor of

Extraterrestrial Dust from the South Pole Station.

Density
_ I 750 KC I Mc 10 Mc 15 MC 20 Mc (gF1/cni

3
)

Aa- .eceived Looe- ! 2.28 2. 24 2.24 2. 17 2.09 0.459
tanh 0. 049 0.047 0. 049 0.04"2 0.056

As-received Compact t 3. 22 3. 14 2. 99 2.91 2.78 0. 620
tano 0. 050 0,048 0.053 0.051 0.066

Dried Loose 1' 2.25 2 .19 Z.19 Z. 11 2.02 0.445
t1, ,6 0. 043 0.042 0.04R 0.042 0.058

Dried Compact 1 3. 11 3.04 2.92 2.8,4 z.69 0.614
taS6 0. 047 0.0.14 0. 041 0. 046 0,062

Material II

As-received Looe 1.3 1. 89 1.73 1. 72 1 1.69 0.496
lanS 0. 2,07 0. 167 0. 058 0. 044 0. 03

Aa-recelved Gonpa-1 t 4' ?. 46 2. 40 2. 24 Z. i I Z. 0a 0. 685
tanb 0. 213 0. 193 0.058 0.047 0.056

D]rld Loo.e I 1 1. 77 1. 76 1. 75 1.69 1.61 0. 503
lao, 0. 059 0.047 0.018 0.022 0.02z

Dried (;oG 1 a, t Z. 22 2.22 2. 17 Z. II 2.04 0. 707

tatn6 0. 011 0.059 0. 077 0. 024 0. 025

D)e.1t1,
Material 1 t00 Mc 150 Mc 200 Mc (gm/cm,

3
)

An-recieved Compact c 1. 50 1. 35 1. 25 0. 464
tan 0.054 0. 050 0. 064

Dried CG(. pa c t , I . 53 1. •6 1, 25 0. 573
tano 0.056, 0.094 0. 046

iv.,•er iaI II

As-re• lved Compa, t 1. 36 1. 28 i. 22 0. 548
tarS 0.118 0. 214 0.158

Dried Cowopact ý 1 1. 43 t. 37 1. 30 0.618
ta16 0.020 0.01S 0.012



C)

.5,C .t

2) - E

-4 2) a

'Co

'it e'ct

:1:

I -t <C

Cr.-

-, <''C)

- fib.

I I -

SIEJJ

* I'



.00

I -c

Z 0

C t Z

-. 2 E
C a



DISTRIBUTION LIST

No. of
Copies De sti n1Lit ion

I - OASD (R&E), ATTN: Technical Library, Room 3E065, The Pentagon, Washington Z5, D.C.
S- Chief of Research and Development, OCS, Dcpartment of the Army, Washington, 25, D.C.
I - Commanding General, U.S. Army Materiel Command, ATTN: R&D Directorate, Washington

25, D.C.
I - Commanding General, U.S. Army Electronics Command, ATTN: AMSEL-AD, Fort Monmouth,

New Jersey
I- Director, U.S. Naval Research Laboratory, ATTN: Code Z027, Washington 25, D.C.
4 - Commander, Aeronautical Systems Division, ATTN: ASAPRL, Wright-Patterson Air Force

Base, Ohio
I - l'q. , Electronic Systems Division, ATTN: ESAL, L. G. Hanscom Field, Bedford, Massachusetts
I - Commander, Air Force Cambridge Research Laboratories, ATTN: CRO, L. G. Hanscom Field,

Bedford, Massachusetts
I - Commander, Air Force Command & Control Development Division, ATTN: CRZC, L. G. Hanscom

Field, Bedford, Massachusetts
I - Commander, Rome Air Development Center. ATTN: RAALD, Griffiss Air Force Base, New

York
40 - Commander, Armed Services Technical Information Agency, ATTN: TISIA, Arlington Hall

otation, Arlington 12, Virginia
2 - Chief, U.S. Army Security Agency, Arlington Hall Station, Arlington 12, Virginia
1 - Deputy President, U.S. Army Security Agency Bloard, Arlington Hall Station, Arlington 12,

Virginia
I - Commanding Officer, Harry Diamond Laboratories, ATTN: Library Room 211, Building 92,

Washington 25, D.C.
1 Corps of Engineers Liaison Office, U.S. Army Electronics Research and Development

Laboratory, Fort Monmouth, New Jersey
1 - AFSC Scientific/Technical Liaison Office, U.S. Naval Air Development Center, Johnsville,

Pennsylvania
I - USAELRDL Liaison Office, Rome Air Development Center, ATTN: RAOL, Griffiss Air Force

Base, New York
I - Commanding Officer, U.S. Army Electronics Materiel Support Agency, ATTN: SELMS-ADJ,

Fort Monmouth, New Jersey
i - Marine Corps Liaison Office, U.S. Army Electronics Research and Development Laboratory,

ATTN: SELRA/LNR, Fort Monmouth, New Jersey
1 - Commanding Officer, U.S. Army Electronics Research and Development Laboratory,

ATTN: Director of Research or Engineering, Fort Monmouth, New Jersey
1 - Commanding Officer, U.S. Army Electronics Research and Development Laboratory,

ATTN: Technical Documents Center, Fort Monmouth, New Jersey
I - Commanding Officer, U.S. Army Electronics Research and Development Laboratory,

ATTN: SELRA/ADJ (FU#i), Fort Monmouth, New Jersey
2 - Advisory Group on Electron Devices, 346 Broadway, New York 13, New York
3 - Commanding Officer, U.S. Army Electronics Research and Development Laboratory,

ATTN: SELRA/TNR, Fort Monmouth, New Jersey (FOR RETRANSMITTAL TO ACCREDITED
BRITISH AND CANADIAN GOVERNMENT REPRESENTATIVES)

1 - Commanding General, US. Army Combat Developments Command, ATTN: CDCMR-E,
Fort Belvoir, Virginia

I - Commanding Officer, U.S. Army Combat Developments Command, Communications-
Electronics Agency, Fort Huachuca, Arizona

I - Director, Fort Monmouth Office, U.S. Army Combat Developments Command, Communica-
tions-Electronics Agency, Building 410, Fort Monmouth, New Jersey

I - AFSC Scientific/Technical Liaison Office, U.S. Army Electronics Research and Development
Laboratory, Fort Monmouth, New Jersey

- Commanding Officer and Director, U.S. Navy Electronics Laboratory, San Diego 52,
California

1 - E.I, du Pont die Nemoours and Company, Inc. , Plastics Departm'nt, ATTN: Mr. Joseph C.
Reed, Wilmington, Delaware

i- E. I. du Pont de Nemours and Company, Inc., Film Department, ATTN: Dr. Carl J.
Heffelfinger, Circleville, Ohio

i - Delaware Research and Development Corporation, ATTN: Mr. Charles L. Petze, 2ZZ Sunset
Drive, Wilmington, Delaware

This Document

"Beet A61~ie dCFrom
8"et AvblobIO Copy



No. of

I - Bt-ndix Systems Division, ATTN: Mr. E. LaSalle, Ann Arbor, Michigan
I - Nationa l Ac ron ,utics and Space Administration, George C. Marshall Space Flight Center,

ATTN: Mr. W. E. Bech, Huntsville, Alabama
I - General Electric Company, ATTN: Dr. Robert S. Shane, Post Office Box ,459, Utica, New

York
I - Lockheed Aircraft Corporation, Missiles & Space Division, ATTN: Dr., Francis J. Clauss

(D/53-35) Sunnyvale, California
I - Director, National Aeronautics & Space Agency, ATTN: 0. It. Lloyd, Information Director,

15,0 HI Street, N. W. , Washington 25, D.C.
S- Picatinny Arsenal, Plastics Technical Ehvaluation Center, ATTN: H. E. Pebly, Jr. , Director,

Dover, New Jersey
t - Conmmanding Officer, Quartermaster Research & Engineering Center, ATTN: QMREL-

PRCN, Natick, Massachusetts
1- Radio Corporation of America, Electron Tubes Division, ATTN: Mr. R. T. Jeffrey, Contract

Administration, Harrison, New Jersey
I - Bendix Corporation, Bendix Systems Division, ATTN: Mr. C. E. Jahike, 3300 Plymouth Road,

Ann Arbor, Michigan
1 - Director, National Aeronautics & Space Administration, Goddard Space Flight Center,

ATTN: Mr. Aaron Fisher, Code 623, Greenbelt, Maryland

I - Commanding General, U.S. Armny Missile Command, ATTN: AMSMI-RGC, Redstone Arsenal,
Ala bam a

S-. Commanding General, U.S. Army Satellite Communications Agency, Fort Monmouth, New
Jersey
Commanding Officer, U.S. A. Electronics Research & Development Laboratory, Fort

Monmouth, New Jersey
I - ATTN: SELRA/PE (Dr. E. Both)
I - ATTN: SELRA/PE (Division Director)

10 - ATTN: SELRA/PEE (Mr. E. Linden)

This Document
Reproduced From

Best Available Copy


